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Description 

AMINQ-SUBSTITUTED THIADIAZOLES, PYRIMIDINES, TRIAZINES OR TRIAZOLES 
USEFUL AS CTF RECEPTOR ANTAGONISTS 

5 Technical Field 

This invention relates generally to CRF receptor antagonists, and more 
specifically, to thiadiazole-, pyrimidine-, triazine-, and triazole-containing compounds 
for use as CRF receptor antagonists. 

10 Background of the Invention 

The first corticotropin-releasing factor (CRF) was isolated from ovine 
hypothalmi and identified as a 41-amino acid peptide (Vale et al, Science 275:1394- 
1397, 1981). Subsequently, sequences of human and rat CRF were isolated and 
determined to be identical, but different from ovine CRF in 7 of the 41 amino acid 

15 residues (Rivier et al., Proc. Natl. Acad Sci. USA 50:4851, 1983; Shibahara et al., 
EMBOJ. 2:775,1983). 

CRF has been found to produce profound alterations in endocrine, 
nervous and immune system function. CRF is believed to be the major physiological 
regulator of the basal and stress-release of adrenocorticotropic hormone ("ACTH"), 6- 

20 endorphin, and other proopiomelanocortin ("POMCJ-derived peptides from the 
anterior pituitary (Vale et al., Science 273:1394-1397, 1981). Briefly, CRF is believed 
to initiate its biological effects by binding to a plasma membrane receptor which has 
been found to be distributed throughout the brain (DeSouza etal., Science 224:1449- 
1451, 1984), pituitary (DeSouza etal., Methods EnzymoL 724:560, 1986; Wynn etal., 

25 Biochem. Biophys. Res. Comm. 770:602-608, 1983), adrenals (Udelsman etal., Nature 
57P:147-150, 1986) and spleen (Webster, E.L., and E.B. DeSouza, Endocrinology 
722:609-617, 1988). The CRF receptor is coupled to a GTP-binding protein (Perrin 
etal., Endocrinology 775:1171-1179, 1986) which mediates CRF-stimulated increase 
in intracellular production of cAMP (Bilezikjian, L.M., and W.W. Vale, Endocrinology 

30 775:657-662, 1983). The receptor for CRF has now been cloned from rat (Perrin et al., 
Endo 7JJ(6):3058-306U 1993), and human brain (Chen et al., PNAS 90(19):8967-8971, 
1993; Vita etal., FEBS JJ5(l):l-5, 1993). This receptor is a 415 amino acid protein 
comprising seven membrane spanning domains. A comparison of identity between rat 
and human sequences shows a high degree of homology (97%) at the amino acid level. 

35 In addition to its role in stimulating the production of ACTH and 

POMC. CRF is also believed to coordinate many of the endocrine, autonomic, and 
behavioral responses to stress, and may be involved in the pathophysiology of affective 
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disorders. Moreover, CRF is believed to be a key intermediary in communication 
between the immune, central nervous, endocrine and cardiovascular systems (Crofford 
etal., 1 Clin. Invest. P0:2555-2564, 1992; Sapolsky et aL, Science 255:522-524, 1987; 
Tilders etal., Regul. Peptides 5:77-84, 1982). Overall, CRF appears to be one of the 
5 pivotal central nervous system neurotransmitters and plays a crucial role in integrating 
the body's overall response to stress. 



physiological, and endocrine responses identical to those observed for an animal 
exposed to a stressful environment. For example, intracerebroventricular injection of 

10 CRF results in behavioral activation (Sutton et al., Nature 297:331, 1982), persistent 
activation of the electroencephalogram (Ehlers et al., Brain Res. 278:332, 1983), 
stimulation of the sympathoadrenomedullary pathway (Brown et al., Endocrinology 
7/0:928, 1982), an increase of heart rate and blood pressure (Fisher etal., 
Endocrinology 110:2222, 1982), an increase in oxygen consumption (Brown et al., Life 

15 Sciences 50:207, 1982), alteration of gastrointestinal activity (Williams etal., Am, J. 
Physiol. 2J5:G582, 1987), suppression of food consumption (Levine etal., 
Neuropharmacology 22:331, 1983), modification of sexual behavior (Sirinathsinghji 
etal., Nature 305:232, 1983), and immune function compromise (Irwin etal., Am. J. 
Physiol. 255:R744, 1988). Furthermore, clinical data suggests that CRF may be 

20 hypersecreted in the brain in depression, anxiety-related disorders, and anorexia 
nervosa. (DeSouza, Ann. Reports in Med. Chem. 25:215-223, 1990). Accordingly, 
clinical data suggests that CRF receptor antagonists may represent novel antidepressant 
and/or anxiolytic drugs that may be useful in the treatment of the neuropsychiatric 
disorders manifesting hypersecretion of CRF. 

25 The first CRF receptor antagonists were peptides (see, e.g., Rivier et al., 

U.S. Patent No. 4,605,642; Rivier et al., Science 224 ':889, 1984). While these peptides 
established that CRF receptor antagonists can attenuate the pharmacological responses 
to CRF, peptide CRF receptor antagonists suffer from the usual drawbacks of peptide 
therapeutics including lack of stability and limited oral activity. More recently, small 

30 molecule CRF receptor antagonists have been reported. For example, substituted 4- 
thio-5-oxo-3-pyyrazoline derivatives (Abreu etal., U.S. Patent No. 5,063,245) and 
substituted 2-aminothiazole derivatives (Courtemanche etal, Australian Patent No. 
AU-A-4 13 99/93) have been reported as CRF receptor antagonists. These particular 
derivatives were found to be effective in inhibiting the binding of CRF to its receptor in 

35 the 1-10 range and 0.1-10 \xM range, respectively. 



biologically-active small molecules having significant CRF receptor binding activity 



Administration of CRF directly to the brain elicits behavioral, 



Due to the physiological significance of CRF, the development of 
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and which are capable of antagonizing the CRF receptor remains a desirable goal. Such 
CRF receptor antagonists would be useful in the treatment of endocrine, psychiatric and 
neurologic conditions or illnesses, including stress-related disorders in general. 

While significant strides have been made toward achieving CRF 
5 regulation through administration of CRF receptor antagonists, there remains a need in 
the art for effective small molecule CRF receptor antagonists. There is also a need for 
pharmaceutical compositions containing such CRF receptor antagonists, as well as 
methods relating to the use thereof to treat, for example, stress-related disorders. The 
present invention fulfills these needs, and provides other related advantages. 

10 

Summary of the Invention 

In brief, this invention is generally directed to CRF receptor antagonists, 
and more specifically, to thiadiazole-, pyrimidine-, triazine-, and triazole-containing 
compounds for use as CRF receptor antagonists. The CRF receptor antagonists of this 
15 invention have the following general structures I through VI: 





20 where R| through R$ and X are as identified in the following detailed description. 

The CRF receptor antagonists of this invention have utility over a wide 
range of therapeutic applications, and may be used to treat a variety of disorders or 
illnesses, including stress-related disorders. Such methods include administering an 
effective amount of a CRF receptor antagonist of this invention, preferably in the form 

25 of a pharmaceutical composition, to an animal in need thereof. Accordingly, in another 
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embodiment, pharmaceutical compositions are disclosed containing one or more CRF 
receptor antagonists of this invention in combination with a pharmaceutically 
acceptable carrier and/or diluent. 

These and other aspects of the invention will be apparent upon reference 
5 to the following detailed description. To this end, various references are set forth 
herein which describe in more detail certain procedures, compounds and/or 
compositions, and are hereby incorporated by reference in their entirety. 

Detailed Description of the Invention 

10 The present invention is directed generally to substituted heteroaromatic 

compounds useful as corticotropin-releasing factor (CRF) receptor antagonists. More 
specifically, this invention is directed to CRF receptor antagonists derived from 
thiadiazole (i.e., 5-azathiazole), pyrimidine, (i.e., 1,3-diazine), triazine (i.e., 1,3,5- 
triazine), and triazole (i.e., 1,3,4-triazole and 1,2,4-triazole). The structural formulas 

1 5 and atom numbering of these parent compounds is shown below: 



1 6 6 




3 3 
thiadiazole pyrimidine triazine 



H H 




1 ,3 ,4-triazole 1 ,2,4-triazole 



In one embodiment, a CRF receptor antagonist of the present invention 
is a thiadiazole-containing compound (i.e., a 5-azathiazole compound). More 
25 specifically, the thiadiazole compound is a substituted 2-amino-5-azathiazole 
represented by structure I: 
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wherein Rj, R2 and X are as described below. 

In another embodiment, a CRF receptor antagonist of the present 
invention is a pyrimidine-containing compound (i.e., a 1,3-diazine compound). More 
5 specifically, the pyrimidine compound is a substituted 2-aminopyrimidine represented 
by structure II, or a substituted 4-aminopyrimidine represented by structure III: 




10 

wherein Rj, R 2 , R3, R4 and X are as described below. 

In a further embodiment, a CRF receptor antagonist of the present 
invention is a triazine-containing compound (i.e., a 1,3,5-triazine compound). More 
specifically, the triazine compound is a substituted 2-aminotriazine compound 
15 represented by structure IV: 




R2 

IV 



wherein R\. Rj, R5, and X are as described below. 
20 In still a further embodiment, a CRF receptor antagonist of the present 

invention is a triazole-containing compound. More specifically, the triazole compound 
is a substituted 2-arnino-l,3,4-triazole represented by structure V. or a substituted 3- 
amino-1.2.4-triazole represented by structure VI: 
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wherein Rj 5 R 2 , R$, and X are as described below. 
5 The X moieties of structures I through VI are selected from substituted 

monocyclic and fused, homoaryl and heteroaryl groups. As used herein, the term 
"homoaryl" refers to an aromatic compound having an aromatic ring made up of only 
carbon atoms, while the term "heteroaryl" refers to an aromatic compound having an 
aromatic ring which contains, in addition to carbon, one or more other atoms, most 

10 commonly nitrogen, oxygen and sulfur. The terms homoaryl and heteroaryl are 
collectively referred to herein as "aryl" groups. The term "monocyclic aryl" refers to an 
aromatic compound having a single aromatic ring, while the term "fused aryl" refers to 
aromatic rings that share a pair of carbon atoms, and includes multiple fused aromatic 
rings. Lastly, the term "substituted aryl" refers to an aromatic compound having at least 

1 5 one ring hydrogen substituted with another atom. 

The monocyclic and fused, homoaryl and heteroaryl groups of this 
invention may contain (excluding heteroatoms and carbons attributable to aryl 
substitutions) from 3 to 14 carbon atoms. Accordingly, the aryl groups of this 
invention are referred to herein as "C3-C14 monocyclic and fused, homoaryl and 

20 heteroaryl groups." Representative examples of such groups include (but are not 
limited to) phenyl, pyridyl, pyrimidyl, thiophenyl, naphthalenyl, quinolinyl, 
isoquinolinyl, purinyl, pyrrolyl, furanyl, thiophenyl, thiazolyl and imidazolyl. 

The C3-C14 monocyclic and fused, homoaryl and heteroaryl groups of 
the present invention are substituted with one (or more) substituents. To this end, the 

25 C3-C14 monocyclic and fused, homoaryl and heteroaryl groups may be substituted at 
any available ring position, and may be substituted with more than one substituent. For 
multiply substituted C3-C14 monocyclic and fused, homoaryl and heteroaryl groups, 
the individual substituents may be the same or different. 

Suitable substituents of the C3-C14 monocyclic and fused, homoaryl 

30 and heteroaryl groups include (but are not limited to) hydroxy, halogens (chlorine, 
bromine, fluorine and iodine). C1-C8 alkyl groups (such as methyl and ethyl). C1-C8 
alkoxy groups (such as methoxy. ethoxy. propyloxy and isopropoxy). C1-C8 thioalky! 
groups (such as thiomethyl and thioethyi). C3-C8 cycioalkyl groups (such as 
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cyclopropyl and cyclohexyl), C3-C8 heterocyclic alky] groups (such as morpholinyl, 
piperidinyl, tetrahydrofuranyl and tetrahydropyranyl), amino, C1-C8 substituted amine 
(such as methylamino, ethylamino and dimethylamino), cyano, C1-C8 alkylcyano, 
C1-C8 alkylsulfoxidyl (such as methylsulfoxidyl) and C1-C8 alkylsulfonyl (such as 
5 methyl sulfonyl). 

Moreover, suitable substituents include C3-C14 monocyclic and fused, 
homoaryl and heteroaryl groups as defined above (such as phenyl), as well as aryloxy 
groups (such as phenoxy), arylsulfoxidyl groups (such as phenylsulfoxidyl), 
arylsulfonyl groups (such as phenylsulfonyl), arylalkyl groups (such as benzyl and 

10 ethylphenyl) and arylalkyloxy groups (such as benzyloxy) where the alkyl group of the 
arylalkyl and arylalkyloxy groups is a C1-C8 alkyl group and the aryl moiety of the 
aryloxy, arylsulfoxidyl, arylsulfonyl, arylalkyl and arylalkyloxy groups is a C3-C14 
monocyclic and fused, homoaryl and heteroaryl group. Substituted C3-C14 
monocyclic and fused, homoaryl and heteroaryl groups as defined above may also be 

1 5 used as substituents. 

Furthermore, halogenated derivatives of the above alkyl-containing 
substituents are also within the scope of this invention, including (but not limited to) 
halogenated C1-C8 alkyl and alkoxy groups (such as trifluoromethyl and 
trifluoromethoxy). 

20 In a preferred embodiment, the substituents for the C3-C14 monocyclic 

and fused, homoaryl and heteroaryl groups are selected from chloro, bromo, fluoro, 
methyl, trifluoromethyl, methoxy, ethoxy, benzyloxy, cyano, sulfoxidyl, sulfonyl. 
amino, substituted amino, trifluoromethoxy and thiomethyl groups. 

In a further preferred embodiment, the C3-C14 monocyclic and fused, 

25 homoaryl and heteroaryl groups are multiply substituted phenyl groups, wherein the 
substituents are independently selected from a halogen and methoxy, including (but not 
limited to) 2,4-dichlorophenyl, 2,4,6-trichlorophenyl, 2,4-dimethoxyphenyl, 2,6- 
dimethoxyphenyl, 2.4,6-trimethoxyphenyl, 2-methoxy-4-chlorophenyl, 2,4-dimethoxy- 
6-chlorophenyl, 2,6-dimethoxy-4-chlorophenyl 5 2,5-dimethoxy-4-methylphenyl, 2.4- 

30 dimethyl-6-methoxyphenyl and 2,4,6-trimethoxyphenyl. In yet a further embodiment, 
the multiply substituted phenyl group is 4-cyano-2,6-dimethylphenyl. 

For the pyrimidine-containing compounds of structure II, the X moiety 
may be fused to the pyrimidine ring at both the X and K y positions. In this case, the X 
moiety is a substituted C3-C14 monocyclic or fused, homoaryl or heteroaryl group, and 

35 substituted with R 3 which, in turn, is fused to the 5-position of the pyrimidine ring and 
joined to the X moiety via a methylene, oxygen or sulfur linkage as represented by the 
following structure II": 
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k 

ir 



5 where Y is selected from -CH 2 -, -O- and -S-; X is as defined above; and Rj, R 2j R 3 and 
R 4 are as defined below. In a preferred embodiment, structure II' has the following 
structure II": 




where Y is selected from -CH 2 -, -O- and -S-; n = 0-3; Ri and R 2 are as defined below; 
and the phenyl group is fiirther substituted with one or more of the substituents for the 
C3-C14 monocyclic and fused, homoaryl or heteroaryl groups identified above, 
15 including (but not limited to) halogens (such as chloro) and C1-C8 alkoxy groups (such 
as methoxy). 

The CRF receptor antagonists of structures I through VI are further 
substituted with an amino group bearing substituents Rj and R 2 (i.e., -NRjR 2 ). The 
amino substituents Rj and R 2 may be the same or different, and are independently 
20 selected from the following groups: 

CI -C6 alkyl groups, including (but not limited to) branched or straight 
chain alkyl groups such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl and 
isopropyl; 

C3-C6 alkenyl groups, including (but not limited to) propenyl 
25 (-CH 2 CH=CH 2 ) and butenyl (-CH 2 CH 2 CH=CH 2 and -CH 2 CH=CHCH 3 ); 

C2-C6 alkylether and alkylthioether groups, including (but not limited 
to) ethylmethylether (-CH 2 CH 2 OCH 3 ), ethylmethylthioether (-CH 2 CH 2 SCH 3 ). 
ethylether (-CH 2 CH 2 OCH 2 CH 3 ). ethylthioether (-CH 2 CH 2 SCH 2 CH 3 ). 
propylmethylether (CH 2 CH : CH 2 OCH 3 ) and propylmethylthioether (CH : CH 2 CH 2 SCH ? ): 
30 C4-C9 cycloalkylalkyl groups, including (but not limited to) 

cyclopropylmethyl. cyclopropylethyl and cyclopropylpropyl: 
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C7-C20 dicycloalkylalkyl groups, including (but not limited to) 
dicyclopropylmethyl, dicyciopropylpropyi, cyclopropyl cyclohexyl methyl, 
dicyclohexylmethyl, dicyclohexylethyl, dicyclohexylpropyl and cyclopropyl 
cyclobutylmethyl; 

5 C7-C20 cycloalkylarylalkyl groups, including (but not limited to) 

cyclopropylphenylmethyl and cyclopropyl-p-naphthalenylmethyl; 

C7-C20 arylalkyl groups, including (but not limited to) benzyl and P- 
methylenenaphthalene; 

C7-C20 diarylalkyl groups, including (but not limited to) 

1 0 diphenylmethyl; and 

C3-C14 monocyclic and fused heteroaryl and heteroarylalkyl groups, 
including (but not limited to) pyridyl, methylpyridyl, imidazolyl, methylimidazolyl, 
furanyl and methylfiiranyl. 

With respect to the above-identified R, and R 2 moieties, the aryl portion 

15 of the cycloalkylarylalkyl groups, arylalkyl groups and diarylalkyl groups are selected 
from C3-C14 monocyclic and fused, homoaryl and heteroaryl groups as defined above, 
including (but not limited to) phenyl, pyridyl, imidazolyl and furanyl. Furthermore, the 
alkyl portion of the cycloalkylalkyl groups, dicycloalkylalkyl groups, 
cycloalkylarylalkyl groups, arylalkyl groups, diarylalkyl groups and heteroarylalkyl 

20 groups are C1-C6 alkyl groups, and the cycloalkyl portion of the cycloalkylalkyl 
groups, dicycloalkylalkyl and cycloalkylarylalkyl groups are C3-C8 cycloalkyl groups. 

The Rj and R 2 moieties identified above may also be substituted 
(referred to herein as "substituted derivatives" of R, and R 2 ). With regard to the aryl 
portion of the cycloalkylarylalkyl groups, arylalkyl groups and diarylalkyl groups, such 

25 derivatives include substituted C3-C14 monocyclic and fused, homoaryl and heteroaryl 
groups as defined above. In addition, the alkyl groups, alkenyl groups, and alkyl ether 
and thioether groups, as well as the alkyl portion of the cycloalkylalkyl groups, 
dicycloalkylalkyl groups, cycloalkylarylalkyl groups, arylalkyl groups, diarylalkyl 
groups and heteroarylalkyl groups, may also be substituted with one or more of the 

30 substituents identified above with respect to the C3-C14 monocyclic and fused, 
homoaryl and heteroaryl groups. For example, the C1-C6 alkyl groups may be 
substituted with a C1-C8 alkoxy group to yield alkoxy substituted alkyl moieties such 
as 4-methoxybutyl and 3-ethoxypropyl. or may be substituted with fluorine to yield 
C1-C6 trifluoromethyl alkyl groups. Furthermore, the cycloalkyl portion of the 

35 cycloalkylalkyl. dicycloalkylalkyl and cycloalkylarylalkyl groups may be one or more 
heterocyclic alkyl groups. such as tetrahydropyranyl. tetrahydrofuranyl. 
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tetrahydrothiophenyl, tetrahydrothiopyranyl, oxatanyl, thiooxatanyl, piperidinyl, 

pyrrolidinyl, morpholinyl and piperazinyl. 

. In one embodiment of this invention, at least Rj or R 2 (or both) have pi 

(i.e., n) character — that is, have atomic or molecular orbitals capable of forming n 
5 bonds. Suitable moieties which possess such n character include (but are not limited 

to) unsaturated moieties such as alkenyl and aryl moieties, and saturated moieties 

including cyclopropyl moieties. Accordingly, in one embodiment of this invention, Rj 

and/or R 2 have n character. 

In a further embodiment, Rj is a straight chain C1-C6 alkyl group, and 
10 R 2 is a branched C1-C6 alkyl group or a C4-C9 cycloalkylalkyl group. In a preferred 

embodiment, Rj is n-propyl and R 2 is dicyclopropylmethyl. 

In addition to substituents Rj, R 2 and X as defined above, the 

compounds of structures II and III are further substituted with an R 3 and R 4 moiety. 

Substituents R3 and R 4 may be the same or different, and are independently selected 
15 from hydrogen; amino; C1-C8 substituted amine groups including (but not limited to) 

methylamino, ethylamino and dimethylamino; halogen including (but not limited to) 

fluoro and chloro; C1-C2 alkyl groups including methyl and ethyl; C1-C6 carbonyl- 

containing groups such as esters and amides, including (but not limited to) methyl ester, 

dimethyl amide, and acetamide; and C1-C6 sulfur-containing groups such as sulfones 
20 and sulfoxides including (but not limited to) methyl sulfonyl and methyl sulfoxy. In 

one embodiment R 3 and R4 are both hydrogen, and in another embodiment R3 is 

methyl and R 4 is hydrogen. 

With regard to structure IV, R h R 2 and X are as defined above and R 5 is 

selected from hydrogen, halogen, amino. C1-C6 alkyl groups, and C1-C6 alkoxy 
25 groups. In a preferred embodiment, R5 is an amino group. 

Lastly, with respect to structures V and VI, R lf R 2 and X are as defined 

above, and R$ of structure VI is selected from hydrogen and methyl 

The compounds of the present invention may be prepared by a variety of 

synthetic methods including those described in more detail in the Examples. In 
30 particular, the thiadiazole-containing compounds may be prepared by Method A as 

described in Example 1 ; the pyrimidine-containing compounds may be prepared by 

Methods B through E as described in Example 2; and the triazine-containing 

compounds may be prepared by Methods F and G as described in Example 3: and the 

triazole-containing compounds may be prepared by Method H as described in 
35 Example 4. For purpose of clarity, these methods of preparation (i.e.. Methods A 

through H) are briefly summarized below. 
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The thiadiazole-containing compounds of formula I may be prepared by 
the reaction scheme of Method A. 



Method A: 



5 



NH-HC1 

x 

X^NH 2 



+ C1-S-CC1 3 + HN(Rj)(R2) 




N S 



I 

In this method, reaction of an appropriately substituted amidine with 
perchloromethyl mercaptan, followed by treatment with a suitable amine, provides a 
1 0 substituted 2-amino-4-aryl thiadiazole compound of formula I. 

The pyrimidine-containing compounds of formula II and III may be 
prepared by the reaction scheme of Methods B through E. 



appropriately substituted aryl boronic acid provides a 2-chloro-4-aiylpyrimidine 
20 compound which, upon reaction with a suitable amine, produces a substituted 2-amino- 
4-arylpyrimidine compound of formula II. (It should be noted that, by reversing the 
sequence of reactions (i.e.. reaction of a 2.4-dichloropyrimidine compound with a 
suitable amine, followed by reaction with an appropriately substituted aryl boronic 
acid), this method may also be used to prepare substituted 2-aryI-4-aminopyrimidine 
25 compounds of formula III.) 



Method B: 





In this method, treatment of a 2,4-dichloropyrimidine compound with an 



SUBSTITUTE SHEET (RULE 26) 



WO 96/39400 



12 



PCT/US96/09633 



Method C: 



0 R4 NH-HC1 

X / Y^N(CH 3 ) 2 NH 2 ^N(R,)(R2) 

I 4 

x A n X n .ri 
5 n 

This method provides substituted 2-amino-4-aryIpyrimidirie compounds 
of formula II upon reaction of a suitably substituted aryl enamine with an appropriated 
substituted guanidine hydrochloride. 

10 Method D: 



NH-HC1 



R4 



R4 



N 

k 



R,NH N X 



III 

In this method, treatment of a suitable aryl amidine with 3- 
15 ethoxyacryonitrile provides a 2-aryI-4-aminopyrimidine compound which, upon 
condensation with an appropriate ketone under reductive conditions, yields a 2-aryl-4- 
aminopyrimidine compound (i.e.. a secondary amine). Acylation of the secondary 
amine followed by reduction provides the substituted 2-aryl-4-aminopyrimidine 
compound of formula III. 
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Method E: 




II 



This method provides pyrimidine-containing compounds where a 
cycloalkyl moiety is fused to the pyrimidine ring at positions 4 and 5. Specifically, in 
this method, an appropriately substituted ketone is condensed with a suitably 
substituted guanidine derivative to yield a substituted 2-amino-4-arylpyrimidine 
10 compound represented by formula II. Substituents a and b on the phenyl ring are as 
defined above with regard to substituted aryl derivatives. 

The triazine-containing compounds of formula IV may be prepared by 
the reaction scheme of Methods F and G which involve sequential displacement of 
chloride from cyanuric chloride. 



15 



Method F: 



CI CI 

A X — * X X — * 

Cl^-N^CI X^N^Cl 

x X 

N^N ^ N^%l 

R: R 2 
IV 

20 In this method, treatment of cyanuric chloride with a suitable aryl 

derivative provides an aryi substituted dichlorotriazine. Subsequent reaction with an 
appropriately substituted amine produces a substituted 2-amino-4-aryI-6-chlorotriazine. 
Substitution of the 6-chloro substituent yields the triazine compounds of formula IV. 
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Method G: 



CI 



N 

Cl^N^Cl 



CI 



C3 

i 

R 2 



CI 

I 

R 2 



f 

R 2 

IV 



10 



In this method, cyanuric chloride is first treated with an appropriately 
substituted amine followed by reaction with a suitable aryl derivative to yield a 
substituted 2-amino-4-aryl-6-chlorotriazine which may then be converted into a triazine 
compound of formula IV by displacement of the remaining 6-chloro substituent. 

The triazole-containing compounds of formula V may be prepared by 
the reaction scheme of Method H which involves synthesis of a thiourea which is then 
cyclized to yield the triazole-containing compounds of formula V. 



Method H: 



15 





NCS 




N 

I 

R2 



N — N 

// w 

N 
H 



R-> 
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In this method, conversion of a benzoyl chloride to the corresponding 
thiocyanate, followed by reaction with an appropriately substituted amine yields a 
thiourea. The thiourea may then be converted to the 2-amino-5-aryltriazole compounds 
5 of formula V. This reaction scheme may be modified to prepare compounds of formula 
VI as disclosed in Example 4. 

The compounds of the present invention are substituted amino 
compounds and, as such, are generally utilized as the free base. Alternatively, the 
compounds of this invention may be used in the form of acid addition salts. Acid 

10 addition salts of the free base amino compounds of the present invention may be 
prepared by methods well known in the art, and may be formed from organic and 
inorganic acids. Suitable organic acids include maleic, fumaric, benzoic, ascorbic, 
succinic, methanesulfonic, acetic, oxalic, propionic, tartaric, salicylic, citric, gluconic, 
lactic, mandelic, cinnamic, aspartic, stearic, palmitic, glycolic, glutamic, and 

15 benzenesulfonic acids. Suitable inorganic acids include hydrochloric, hydrobromic, 
sulfuric, phosphoric, and nitric acids. 

The effectiveness of a compound as a CRF receptor antagonist may be 
determined by various assay methods. Suitable CRF antagonists of this invention are 
capable of inhibiting the specific binding of CRF to its receptor and antagonizing 

20 activities associated with CRF. A compound of structures 1 through VI may be 
assessed for activity as a CRF antagonist by one or more generally accepted assays for 
this purpose, including (but not limited to) the assays disclosed by DeSouza et al. (J. 
Neuroscience 7:88, 1987) and Battaglia et al. (Synapse 7:572, 1987). As mentioned 
above, suitable CRF antagonists include compounds which demonstrate CRF receptor 

25 affinity. CRF receptor affinity may be determined by binding studies that measure the 
ability of a compound to inhibit the binding of a radiolabeled CRF (e.g. y [ 125 I]tyrosine- 
CFR) to its receptor (e.g., receptors prepared from rat cerebral cortex membranes). The 
radioligand binding assay described by DeSouza et al. (supra, 1987) provides an assay 
for determining a compound's affinity for the CRF receptor. Such activity is typically 

30 calculated from the IC 50 as the concentration of a compound necessary to displace 50% 
of the radiolabeled ligand from the receptor, and is reported as a "K" value calculated 
by the following equation: 

K- = IC 5Q 
1 1+L/K D 

35 
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where L = radioligand and K D = affinity of radioligand for receptor (Cheng and Prusoff, 
Biochem. Pharmacol 22:3099, 1973). 

In addition to inhibiting CRF receptor binding, a compound's CRF 
receptor antagonist activity may be established by the ability of the compound to 
5 antagonize an activity associated with CRF. For example, CRF is known to stimulate 
various biochemical processes, including adenylate cyclase activity. Therefore, 
compounds may be evaluated as CRF antagonists by their ability to antagonize CRF- 
stimulated adenylate cyclase activity by, for example, measuring cAMP levels. The 
CRF-stimulated adenylate cyclase activity assay described by Battaglia et al. (supra, 

10 1987) provides an assay for determining a compound's ability to antagonize CRF 
activity. Accordingly, CRF receptor antagonist activity may be determined by assay 
techniques which generally include an initial binding assay (such as disclosed by 
DeSouza (supra, 1987)) followed by a cAMP screening protocol (such as disclosed by 
Battaglia (supra. 1987)). 

15 With reference to CRF receptor binding affinities, CRF receptor 

antagonists of this invention have a Kj of less than 10 |iM. In a preferred embodiment 
of this invention, a CRF receptor antagonist has a K ( of less than Iu.M, and more 
preferably less than 0.25 u.M (i.e., 250 nM). (CRF receptor antagonists of this 
invention having a Kj < 250 nM, as well as the experimental methods employed to 

20 measure such activity, are presented in Example 7.) 

The CRF receptor antagonists of the present invention demonstrate 
activity at the CRF receptor site, and may be used as therapeutic agents for the 
treatment of a wide range of disorders or illnesses including endocrine, psychiatric, and 
neurologic disorders or illnesses. More specifically, the CRF receptor antagonists of 

25 the present invention may be useful in treating physiological conditions or disorders 
arising from the hypersecretion of CRF. Because CRF is believed to be a pivotal 
neurotransmitter that activates and coordinates the endocrine, behavioral and automatic 
responses to stress, the CRF receptor antagonists of the present invention can be used to 
treat neuropsychiatric disorders. Neuropsychiatric disorders which may be treatable by 

30 the CRF receptor antagonists of this invention include affective disorders such as 
depression; anxiety-related disorders such as generalized anxiety disorder, panic 
disorder, obsessive-compulsive disorder, abnormal aggression, cardiovascular 
abnormalities such as unstable angina and reactive hypertension; and feeding disorders 
such as anorexia nervosa, bulimia, and irritable bowel syndrome. CRF antagonists may 

35 also be useful in treating stress-induced immune suppression associated with various 
diseases states, as well as stroke. Other uses of the CRF antagonists of this invention 
include treatment of inflammatory conditions (such as rheumatoid arthritis, uveitis. 
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asthma, inflammatory bowel disease and G.I. motility), Cushing's disease, infantile 
spasms, epilepsy and other seizures in both infants and adults, and various substance 
abuse and withdrawal (including alcoholism). 

In another embodiment of the invention, pharmaceutical compositions 
5 containing one or more CRF receptor antagonists are disclosed. For the purposes of 
administration, the compounds of the present invention may be formulated as 
pharmaceutical compositions. Pharmaceutical compositions of the present invention 
comprise a CRF receptor antagonist of the present invention (i.e., a compound of 
structures I through VI) and a pharmaceutical^ acceptable carrier and/or diluent. The 

1 0 CRF receptor antagonist is present in the composition in an amount which is effective 
to treat a particular disorder-that is, in an amount sufficient to achieve CRF receptor 
antagonist activity, and preferably with acceptable toxicity to the patient. Preferably, 
the pharmaceutical compositions of the present invention may include a CRF receptor 
antagonist in an amount from 0. 1 mg to 250 mg per dosage depending upon the route of 

15 administration, and more preferably from 1 mg to 60 mg. Appropriate concentrations 
and dosages can be readily determined by one skilled in the art. 

Pharmaceutically acceptable carrier and/or diluents are familiar to those 
skilled in the art. For compositions formulated as liquid solutions, acceptable carriers 
and/or diluents include saline and sterile water, and may optionally include 

20 antioxidants, buffers, bacteriostats and other common additives. The compositions can 
also be formulated as pills, capsules, granules, or tablets which contain, in addition to a 
CRF receptor antagonist, diluents, dispersing and surface active agents, binders, and 
lubricants. One skilled in this art may further formulate the CRF receptor antagonist in 
an appropriate manner, and in accordance with accepted practices, such as those 

25 disclosed in Remington's Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing 
Co., Easton. PA 1990. 

In another embodiment, the present invention provides a method for 
treating a variety of disorders or illnesses, including endocrine, psychiatric and 
neurologic disorders or illnesses. Such methods include administering of a compound 

30 of the present invention to a warm-blooded animal in an amount sufficient to treat the 
disorder or illness. Such methods include systemic administration of a CRF receptor 
antagonist of this invention, preferably in the form of a pharmaceutical composition. 
As used herein, systemic administration includes oral and parenteral methods of 
administration. For oral administration, suitable pharmaceutical compositions of CRF 

35 receptor antagonists include powders, granules, pills, tablets, and capsules as well as 
liquids, syrups, suspensions, and emulsions. These compositions may also include 
flavoranis. preservatives, suspending, thickening and emulsifying agents, and other 
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pharmaceutical^ acceptable additives. For parental administration, the compounds of 
the present invention can be prepared in aqueous injection solutions which may contain, 
in addition to the CRF receptor antagonist, buffers, antioxidants, bacteriostats, and 
other additives commonly employed in such solutions. 
5 As mentioned above, administration of a compound of the present 

invention can be used to treat a wide variety of disorders or illnesses. In particular, the 
compounds of the present invention may be administered to a warm-blooded animal for 
the treatment of depression, anxiety disorder, panic disorder, obsessive-compulsive 
disorder, abnormal aggression, unstable angina, reactive hypertension, anorexia 
10 nervosa, bulimia, irritable bowel syndrome, stress-induced immune suppression, stroke, 
inflammation, Cushing's disease, infantile spasms, epilepsy, and substance abuse or 
withdrawal. 

The following examples are provided for purposes of illustration, not 

limitation. 

15 

EXAMPLES 

The thiadiazole-, pyrimidine-, triazine- and triazole-containing 
20 compounds of the present invention may be prepared by the methods disclosed in 
Examples 1-4. The preparation of representative thiadiazole-containing compounds by 
Method A are presented in Example 1 . The preparation of representative pyrimidine- 
containing compounds by Methods B through E are presented in Example 2. The 
preparation of representative triazine-containing compounds by Methods F and G are 
25 presented in Example 3. The preparation of representative triazole-containing 
compounds by Method H are presented in Example 4. 

Example 5 identifies the structure and reference number of 
representative compounds of this invention synthesized by the methods disclosed in 
Examples 1-4. Example 6 presents the spectral characterization for representative 
30 compounds identified in Example 5 and prepared as described in Examples 1-4. 

Example 7 presents a method for determining the receptor binding 
activity and identifies representative CRF receptor antagonists of this invention 
having a K, < 250 nM. Example 8 discloses an assay for screening compounds of this 
invention for CRF-stimulated adenylate cyclase activity. 

35 
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EXAMPLE 1 

Synthesis of Thiapiazole-Containing Compounds 



In this example, the preparation of the thiadiazole-containing 
5 compounds of the present invention is described. The thiadiazole-containing 
compounds of structural formula I are prepared by reaction of an appropriately 
substituted amidine with perchloromethyl mercaptan followed by reaction with a 
suitable amine. This method of preparation is referred to as Method A and is 
represented schematically below. 

10 

Method A : 



NH •HCI 



15 



X X NR2 + Ci-S-CCl 3 + HN(R,XR 2 ) X \X^A 

I 

R2 

I 



The following two preparations exemplify the synthesis of thiadiazole- 
containing compounds by Method A. 

1, The Synthesis of 1-1 : 2-fN-dicvclopropvlmethvl-N-propvlamino)-4- 
20 (2\4'-dichlorophenvlV5-azathiazole. 



CI NH • HCI 

NH 2 



CI Wn 




25 To a solution of 2,4-dichlorobenzonitrile (1.0, 5.8 mmol) in dry toluene 

(12 mL) was added a 0.67 M solution of methyl (amide) aluminum chloride (34.8 mL ? 
23.2 mmol) in toluene at 25°C. This solution was heated at reflux under nitrogen for 24 
hours and the reaction was followed by thin layer chromatography (TLC). The reaction 
mixture was cooled and the aluminum complex was decomposed by carefully pouring 

30 the solution into a slurry of silica gel (50 g) in dichloromethane (400 mL). The mixture 
was stirred for 1 hour and the silica gel filtered. The filter cake was further washed 
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with 20% methanol / dichloromethane (500 mL). Evaporation of the filtrate yielded the 
amidine (807 mg, 61 % ) as a white powder. 

To a suspension of the amidine (105 mg, 0.47 mmol) in tetrahydrofuran 
(5 mL) at 0°C was added triethylamine (320 mL, 2.33 mmol) followed by 
5 perchloromethyl mercaptan (1 29 mg, 0.69 mmol). Stirring for 2 hours was followed by 
addition of N-propyl-N-dicyclopropanemethyl amine (107 mg, 0.69 mmol). The 
resulting cream suspension was then warmed to 50°C for 48 hours (reaction monitored 
by TLC). The reaction was then cooled to 25 °C and distributed between diethyl ether 
(200 mL) and water (100 mL). The organic phase was washed with a saturated 
10 solution of sodium bicarbonate (100 mL), dried over magnesium sulfate, filtered and 
the solvent removed on a rotary evaporator giving crude M which was purified by flash 
column chromatography (silica gel, 10% diethyl ether / hexane) to afford LJ. (98 mg, 
55%) as a tan oil. 



15 2. 



20 



The Synthesis of 1-2: 2 -rN-dicvclopropvlmethvl-N-DroDvlaminnt-4- 
(2'.4'.6'-tri chloroDhenvQ-5-azathiazole. 



Cl NH • HCI 




To a solution of 2,4,6-trichlorobenzonitrile (2.5 g, 12.1 mmol) in dry 
toluene (24 mL) was added a 0.67 M solution of methyl (amide) aluminum chloride 
(75.8 mL, 50.8 mmol) in toluene at 25°C. This solution was heated at reflux under 
nitrogen for 24 hours (reaction followed by TLC). The reaction mixture was cooled 

25 and the aluminum complex was decomposed by carefully pouring the solution into a 
slurry of silica gel (75 g) in dichloromethane (600 mL). The mixture was stirred for 1 
hour and the silica gel filtered. The filter cake was further washed with 20% methanol / 
dichloromethane (600 mL). Evaporation of the filtrate yielded the requisite amidine 
(2.26 g. 72%) as a white powder. 

30 To a suspension of the amidine (200 mg. 0.77 mmol) in tetrahydrofuran 

(8 mL) at 0°C was added triethylamine (428 mL. 3.08 mmol) followed by 
perchloromethyl mercaptan (214 mg. 1.15 mmol). Stirring for2 hours was followed by 
addition of N-propyldicyclopropanemethyl amine (294 mg. 1.92 mmol). The resulting 
cream suspension was then warmed to 50°C for 48 hours (reaction monitored by TLC). 
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The reaction was then cooled to 25°C and distributed between diethyl ether (200 mL) 
and water (100 mL). The organic phase was washed with a saturated solution of 
sodium bicarbonate (100 mL), dried over magnesium sulfate, filtered and the solvent 
removed on a rotary evaporator giving crude VI which was purified by flash column 
5 chromatography (silica gel, 5% diethyl ether / hexane) to afford VI (198 mg, 62%) as a 
tan oil. 

EXAMPLE 2 

10 Synthesis of Pyrimidine-Containing Compounds 

In this example, the preparation of pyrimidine-containing compounds of 
the present invention is described. The pyrimidine-containing compounds are prepared 
by Methods B, C, D, and E as discussed in greater detail below. 

15 

Method B : 

Method B provides the pyrimidine-containing compounds of the present 
invention in two steps. In the first step, a 2,4-dichloropyrimidine compound is treated 
with an appropriately substituted aryl boronic acid to yield a 2-chloro-4-arylpyrimidine 
20 compound. Subsequent reaction with a suitable amine produces a substituted 2-amino- 
4-arylpyrimidine compound of the present invention. 

Method B provides 2-amino-4-arylpyrimidine compounds II by the 
following general reaction scheme. 



X— B(OH) 2 + 



HN(Ri)(R 2 ) 




The following schemes more specifically detail the preparation of the 
pyrimidine-containing compounds of the present invention by Method B. 
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The Synthesis of II- 1 through II-9. 



ci 



Pd(PPh3)4, Na2C03 
PhH, EtOH, H2O, reflux 



CI 
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•2.4-dichlorophenyl 
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2. General Procedure for the Synthesis of 2-Chloro-4- 
Arvlpvrimidines from Arvlboronic Acids and 2.4- 

5 Dichloropyrimidines. 

A mixture of 2 s 4-dichloropyrimidines (10 mmol), chlorobenzeneboronic 
acids (12 mmol), tetrakis(triphenylphosphine)palladium (3-10 mol %), and sodium 
carbonate (30 mmol) in a solvent system of 8:1:4 benzene/ethanol/water (26 mL) was 
heated to reflux for 16 to 48 hours and allowed to cool to room temperature. After 
10 concentration, the residue was partitioned between ethyl acetate and water (30/30 mL). 
The separated organic layer was washed with water (2 X 20 mL) and dried over sodium 
sulfate. Solvent removal gave the crude products as pale yellow to yellow solids (50- 
100%) which were either purified by silica gel column chromatography or carried to the 
next step without further purification. 

15 

3. General Procedure for the Synthesis of Substituted 
2-Amino-4-Arylpyrimidines (II- 1 through H-9). 

2-Chloro-4-arylpyrimidines (0.23 mmol) and JV-propyl-N- 
dicyclopropanemethyl amine (1.40 mmol) were mixed and heated at about 120°C on an 

20 oil bath for 1-5 hours. After cooling to room temperature, the reaction mixture was 
dissolved in dichloromethane (5 mL) and washed with water (2X5 mL). The 
separated organic layer was dried over sodium sulfate, concentrated to give crude 
products as yellow to brown oil which were purified by preparative TLC (50-80% 
yield) with ethyl acetate/hexane solvent system. 

25 The following pyrimidine was formed when the above general reaction 

was carried out with N-propyl-N-cyclopropylmethyl amine instead of N-propyl-N- 
dicyclopropylmethyl amine at about 120°C for 2 hours. 
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4. The Synthesis of IMP: 2-fl^-dicyclopropylmethvl-N-propylV4- 
f2\4'-dichlorophenvl)-5-acetamidopyrimidine. 




5 

A mixture of 5-aminouracil (5.0 g, 39 mmol) and N,N-dimethylaniline 
(7.2 g, 59 mmol) in 20 mL of phosphorus oxychloride was heated under reflux for 17 
hours. After removal of phosphorous oxychloride under reduced pressure, ice water 
(40 mL) was added to the residue with stirring. The aqueous solution was extracted 
10 with ethyl acetate (3 X 30 mL), and the combined organic extracts were washed with 
water (40 mL), dried over sodium sulfate. Solvent removal gave the 2,4-dichloro-5- 
aminopyrimidine as yellow solid (0.72 g, 11%) which was used without further 
purification. 

For the coupling reaction of the pyrimidine to dichlorobenzene boronic 
1 5 acid, see the general procedure described above. 




11-10 



20 A solution of the coupled product (10 mg) and acetic anhydride (1 ml) 

was heated at 100°C for 1 hour. The reaction was cooled and blown to a residue with a 
stream of dry nitrogen. The residue was taken up in N-dicyclopropylmethyl-jV- 
propylamine (100 mg) and heated at 120°C for 10 hours. The resulting solution was 
then cooled to room temperature and purified by preparative chromatography on two 20 

25 x 20 cm silica gel plates 0.5 mm thick, eluting with 20% ethyl acetate in hexanes. After 
extraction, II-10 (2.3 mg) solidified upon standing. 

Method B may also be used to prepare pyrimidine-containing 
compounds of formula III. The following scheme is representative of the preparation of 
pyrimidines of formula III by Method B. 

30 
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5. The Synthesis of III- 1: 2«(2 , .4'-ciichlorophenvIV4-fN- 
dicvclopropvlmethvl-N-propylamino^pvrimidine. 




5 III-l 

A solution of 2,4-dichloropyrimidine (300 mg, 2.01 mmol) and N- 
propyl-N-dicyclopropylmethyl amine (400 mg, 2.61 mmol) in 5 ml anhydrous dioxane 
was heated at reflux for 16 hours. The reaction was cooled to room temperature and the 

10 solvent was removed under vacuum. The residue was dissolved in 250 ml ethyl acetate, 
washed with 1M aqueous hydrochloric acid (3 X 30 ml), saturated aqueous sodium 
bicarbonate (2 X 30 ml) and distilled water (2 X 30 ml). The aqueous solution was 
back extracted with ethyl acetate (2 X 30 ml). The combined organic layers was dried 
over sodium sulfate, filtered and concentrated. Flash chromatography (20% ethyl 

15 acetate/hexanes) gave pure 2-chloro-4-(N-propyl-N-dicyclopropyl- 

methyl)aminopyrimidine (300 mg, 56%). 

A mixture of 2-chloro-4-(N-propyl-N-dicyclopropylmethyl)- 
aminopyrimidine (45 mg, 0.17 mmol), 2,4-dichlorobenzenebororiic acid (43 mg, 0.23 
mmol) and tetrakis(triphenylphosphine)palladium (20 mg, 0.02 mmol) in toluene (2 

20 ml), sodium carbonate (3 ml) and ethanol (1 ml) was heated under reflux for 2 days. 
The reaction mixture was cooled to room temperature, water (10 ml) was added, and 
the toluene layer was separated. The aqueous layer was extracted with ethyl acetate and 
the combined organic layers was dried over sodium sulfate, filtered and evaporated. 
The product was purified by preparative TLC (20% ethyl acetate/hexanes), yielding 43 

25 mg IIM (67%). 

Method C: 

The pyrimidines of the present invention may also be prepared by 
Method C. Method C provides the pyrimidine-containing compounds by reaction of a 
30 suitably substituted aryl enamine with an appropriately substituted guanidine 
hydrochloride. Method C provides 2-amino-4-arylpyrirnidine compounds by the 
following general reaction scheme. 
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10 



O R4 NH«HCI 
X^f^mcn3)2 NH 2 ^N(R,)(R2) 

I 4 



X^N^N- Rl 

II 



The following schemes more specifically detail the preparations of the 
5 pyrimidine-containing compounds of the present invention by Method C. 

1. The Synthesis of II- 1 1 : 2-rN-dicvclopropvlmethvl-N- 
propYlaminoV^rZ'^'^-trichlorophenvlVpvrimidine. 



CI O 

"n(ch 3 ) 2 



Cl^^Cl 




11-11 



A solution of 2,4,6-trichloroacetophenone (285 mg, 1.28 mmol) in 
dimethylformamide dimethylacetal (1 mL) was heated at 90°C under an argon 

1 5 atmosphere. The progress of the reaction was monitored by TLC (ethyl acetate:ethanol 
9:1). After 15 hours, the reaction was cooled in an ice bath and a small amount of dark 
solid was removed by filtration and washed with hexane (1 mL). The filtrate was 
evaporated in vacuo providing the intermediate enamine as a homogeneous solid by 
TLC after drying under vacuum (240 mg, 67%). MS (ion spray): 278 (M+H). 

20 A solution of a portion of the enamine (28 mg, 0.1 mmol) and 

N^dicyclopropylmethyl-N 1 -propyl guanidine hydrochloride (23 mg, 0.1 mmol) in 0.1 
M ethanolic sodium ethoxide (1 mL, 0.1 mmol) was heated at reflux under a nitrogen 
atmosphere. The progress of the reaction was monitored by TLC (hexane:ether 5:1 and 
ethyl acetate :ethanol 9:1). After 20 hours, the reaction was cooled to ambient 

25 temperature and purified by preparative thin layer chromatography (silica gel) using 
hexanerether (5:1). The major fast moving band (Rf=0.69) was eluted with hot ethanol 
and the silica gel was removed by filtration. Evaporation of the filtrate provided the 
11-11 (5.3 mg). 
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The Synthesis of II- 12: 2-fN-dicvclopropvlmethvl-N- 

propvlaminoM-f2\4'-dichlorophenvl)-5- 

(dimethvlcarboxamido^pvrimidine. 



O 



o 



0 




ci- 




CI ^N(CH 3 ) 2 



OEt 



CI 



11-12 



A solution of ethyl (2,4-dichlorobenzoyl) acetate (800 mg, 3 mmol) in 



10 dimethyl formamide dimethyl acetal (0.7 mL, 5 mmol) and dimethylformamide (1 mL) 
was stirred at ambient temperature. The progress of the reaction was monitored by 
TLC (ethyl acetate: hexane 1:5) and after 16 hours the yellow reaction solution was 
diluted with ether (50 mL) and washed with water (25 mL). The ether layer was dried 
over magnesium sulfate and evaporated in vacuo. The resulting yellow crystalline solid 

15 (1.5 gm) of enamine was used directly in the next step. MS (ion spray): 3 1 6 (M+H). 



propyl guanidine hydrochloride (310 mg, 1.33 mmol) were combined with 0.1 M 
ethanolic sodium ethoxide (13.3 mL, 1.33 mmol) and heated at reflux for 16 hours. 
The reaction was partioned between methylene chloride and brine and the organic layer 
20 was dried over sodium sulfate and evaporated to an oil. Purification by flash 
chromatography (silica gel methylene chloride) provided the ethyl ester pyrimidine 
intermediate as a colorless oil (200 mg) after evaporation of fractions 1-3 (100 ml total 
elutant) from the column. MS (ion spray): 448 (M+H). 



25 cyanide (2 mg) were placed in a tube and dimethylamine gas (ca. 2 ml) was condensed 
into the tube. The tube was sealed and the reaction solution was stirred at ambient 
temperature for 16 hours. The dimethyl amine was allowed to evaporate after the seal 
was broken and the residue was partioned between ethyl acetate and water. The organic 
layer was dried over magnesium sulfate and evaporated in vacuo. Purification of the 

30 residue by flash chromatography (methylene chloride followed by methylene 
chloride:methanol 95:5) gave 28 me of 11-12 which was further purified by preparative 
TLC (methylene chloride:methanol 95:5) (Rf=0.3) providing 1 1 .8 mg 11-12 . 



The enamine (420 mg, 1.33 mmol) and N^-dicyclopropylmethyl-Nl- 



A portion of the above ethyl ester (100 mg, 0.22 mmol) and potassium 
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3. The Synthesis of 11-13: 2-rN-dicvclopropylmethvl-N"propvn-4- 
r2\4 1 -dichlorophenvlV5"methvlsulfonvlpvrimidine. 



CH 3 0 2 S 





N(CH 3 ) 2 

11-13 



a. 2.4-Dichloroben2oic Acid Ethyl Ester. 

To a stirring anhydrous ethanol (1 10 g, 2.390 mol) was dropwise added 
2,4-dichlorobenzoyl chloride (50 g, 239 mmol). The solution was allowed to stir at 
1 0 room temperature for overnight. Removal of the solvent gave 52.6 g of ethyl ester as a 
pale yellow solid. l H NMR (CDC1 3 ): 1.40 (t, 3H), 4.40 (m, 2H), 7.30 (d, 1H), 7.48 (s, 
1H), 7.79 (d, 1H). 

b. 3-Methvlsulfinvl-(2\4'-dichloro)acetophenone. 

15 To a stirring solution of 2,4-dichlorobenzoic acid ethyl ester (40 g, 183 

mmol) in anhydrous dimethyl sulfoxide (120 mL) was added potassium t-butoxide (1M 
solution in t-butyl alcohol) (188 mL, 188 mmol). The mixture was allowed to stir 
under nitrogen at room temperature for 3 hours. Concentration of the reaction mixture 
at reduced pressure (water bath, 60°C-70°C) yielded a dark brown oil which was 

20 dissolved in 200 mL cold water. The aqueous solution was extracted with ether (100 
mL x 3), then acidified to pH 2-3 by careful addition of cone. Hydrochloric acid, 
quickly extracted with dichloromethane (100 mL x 2). The combined extracts were 
washed with aqueous sodium bicarbonate (100 mL) and brine (100 mL), dried over 
magnesium sulfate, and filtered. Removal of the solvent at reduced pressure gave 3 1 g 

25 (123 mmol, 67%) of the B-sulfoxide as an orange oil. ! H NMR (CDC1 3 ): 2.79 (s, 3H), 
4.40 (s, 2H), 7.38 (d. 1H). 7.47 (s, 1H) ? 7.66 (d, 1H). 

c. 3-Methvlsulfonvl-(2\4'-dichloro)acetophenone. 

To a stirring solution of the sulfoxide (0.5 lg, 2.0 mmol) in anhydrous 
30 methylene chloride (6 mL) in ice water bath was added a solution of 
m-chloroperoxybenzoic acid (700 mg. 2.4 mmol) in methylene chloride (2 mL) under 
nitrogen. The mixture was allowed to stir at room temperature for 1 hour. The 
reaction mixture was washed with 1M aqueous sodium thiosulfate (50 mL x 3). 
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aqueous sodium bicarbonate (50 mL) and brine (50 mL), dried over magnesium sulfate, 
and filtered. Removal of the solvent at reduced pressure gave 0.55g of the sulfone as a 
yellow solid. 'H NMR (CDC1 3 ): 3.19 (s, 3H), 4.64 (s, 2H), 7.40 (d, 1H), 7.50 (s, 1H), 
7.66 (d, 1H). Mass (ion spray): 267, 269 (M+H). 

5 

d. 1 -f2'.4'-Dichloro)benzovl- 1 -methvlsulfonvl-2-fN.N- 
dimethvlaminokthene. 

To a stirring solution of the sulfone (0.55g, 2.0 mmol) in toluene (4 mL) 

was added N ; N-dimethylformamide dimethyl acetal (635 mg, 5.0 mmol). The mixture 

1 0 was refluxed for 1 hour. The reaction mixture was concentrated and chromatographed 
over a silica gel column, eluting with 5% methanol in dichloromethane. The product- 
containing fractions were combined and concentrated to yield 0.48 g (74%) of the 
dimethylamino ethene as a brown oil. ! H NMR (CDC1 3 ): 2.82 (m, 3H), 3.0 (s, 3H), 
3.29 (m, 3H), 7.30 (d, 1H), 7.41-7.45 (m, 2H), 7.85 (s, 1H). Mass (ion spray): 321, 

15 323, 326 (M+H). 

e. 11-13: 2-rN-dicvclopropvlmethvl-N-propylamino)-4-(2 , ,4'- 
dichlorophenvlV5-methvlsulfonvlpvrimidine. 

To a stirring solution of the dimethylamino ethene (62 mg, 0.19 mmol) 

20 in aqueous methanol (water 0.1 mL, methanol 1 mL) was added N 1 - 

dicyclopropylmethyl-N 1 -propyl guanidine hydrochloride (45 mg, 0.19 mmol) and 

sodium carbonate (14 mg, 0.13 mmol). The mixture was refluxed for 4 hours. The 

reaction mixture was concentrated and chromatographed over a silica gel column, 

eluting with 5% methanol in dichloromethane. The product-containing fractions were 

25 combined and concentrated to yield 24 mg (28%) of II- 13 as a white solid. 

4. The Synthesis of II- 14: 2-fl^-dicvclopropylmethvI-N- 
propvlaminoV4-r2 , ,4'-dichlorophenvlV5- 
methvlsulfinvlpvrimidine. 

30 



CH 3 OS 




11-14 
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a. l-r2V4-Dichloro > )benzovl-l-methvl$ulfinvl-2>rN,N^ 
dimethvlaminotethene. 

To a stirring solution of the sulfoxide (prepared as described in the 

synthesis of 11-13) (l.Og, 3.98 mmol) in toluene (8 mL) was added N,N- 

5 dimethylformamide dimethyl acetal (1.14 g, 9.56 mmol). The mixture was refluxed for 

1 hour. The reaction mixture was concentrated and chromatographed over a silica gel 

column, eluting with 5% methanol in dichloromethane. The product-containing 

fractions were combined and concentrated to yield 0.92 g (76%) of the dimethylamino 

ethene as a brown oil. 'H NMR (CDC13): 2.72 (m, 3H), 3.23 (m, 6H), 7.30 (d, 1H), 

10 7.32 (s, 2H), 7.43 (s, 1H), 7.46 (s, 1H). Mass (ion spray): 306, 308 (M+H). 

b. 11-14: 2-^N-dicvclopropvlmethv^N-propvlamino)-4-f2^4 , - 

dichlorophenvD-5-methvlsulfinvlpvrimidine, 

To a stirring solution of the dimethylamino ethene (92 mg, 0.30 mmol) 

15 aqueous methanol (water 0.15 mL, methanol 1.5 mL) was added N 1 - 

dicyclopropylmethyl-N ^propyl guanidine hydrochloride (70 mg, 0.30 mmol) and 

sodium carbonate (22 mg, 0.21 mmol). The mixture was refluxed for 4 hours. The 

reaction mixture was concentrated and chromatographed over a silica gel column, 

eluting with 5% methanol in dichloromethane. The product-containing fractions were 

20 combined and concentrated to yield 15 mg (1 1%) of II- 14 as a colorless oil. 

5. The Synthesis of 11-15: 2-fN-dicvclopropvlmethyUN-propvlM- 
te'^-dichlorophenvl-S-ethYlpvrimidine, 




25 IMS 

To a solution of 2,4-dichlorobenzoyl chloride (4.5 g, 21.5 mmol) in 
tetrahydrofuran (30 ml) was treated with copper (I) iodide (200 mg) and cooled to 
-20°C. Propyl magnesium bromide (2.0 M in diethyl ether, 1 1 ml, 1 1 mmol) was slowly 
30 injected (10 minutes) under nitrogen. The yellow suspension was stirred at -20°C to 
-15°C for 10 minutes, the cooling bath was removed and stirring was continued for 
another hour. The reaction was quenched with water, and the product was extracted 
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with toluene. The organic phase was washed with IN aqueous hydrochloric acid, 
bicarbonate and brine, filtrated through a silica gel pad and concentrated in vacuo to 
give 2,4-dichlorobutyrophenone as a yellowish oil (4.5 g, 96%) which was used in the 
next step without further purification. ] H NMR (CDCI3): 0.99 (t, 3H), 1.74 (m, 2H), 
5 2.91 (t, 2H), 7.32 (d, 1H), 7.42 (d, 1H), 7.44 (s, 1H). 

2 , ,4'-Dichlorobutyrophenone (65 mg, 0.3 mmol) and N,N- 
dimethylformamide dimethyl acetal (45 ml, 0.3 mmol) were mixed in a sealed 
reaction- vial and heated to 95°C for 12 hours. The resulting brown oil was treated with 
N^dicyclopropylmethyl-N 1 -propyl guanidine hydrochloride salt (23 mg, 0.1 mmol) 
10 and the mixture was heated to 160°C for 2 hours. The crude mixture was purified on a 
preparative TLC plate with 1:10 ethyl acetate-hexanes to give IM as a colorless oil. 

6. The Synthesis of 11-16: 2-fl^-dicvclopropylmethyl-N- 
propvlaminoM-(4 , -bromophenvn-5-methylpyrimidine. 



15 




II- 16 



A mixture of 4'-bromopropiophenone (2.13 g ? 10 mmol) and N,N- 
dimethylformamide dimethyl acetal (1.65 ml. 12 mmol) was heated to reflux overnight 

20 under nitrogen which gave the enamine and methyl 4 ? -bromobenzoate with about 1 : 1 
ratio. Chromatography on silica gel with 1:5 ethyl acetate-hexanes first eluted the 
methyl ester, and the enamine was eluted with ethyl acetate. ] H NMR (CDC1 3 ): 2.14 (s, 
3H), 3.08 (s. 6H), 6.85 (s, 1H), 7.31 (d, 2H), 7.51 (s, 2H). 

A solution of the enamine (200 mg, 0.88 mmol) and N^cyclopropyl-N 1 - 

25 propyl guanidine hydrochloride (90 mg, 0.47 mmol) in ethanol (5 ml) was refluxed 
under nitrogen for 24 hours. Ethanol was evaporated in vacuo and the residue was 
chromatographed on silica gel column with 1:5 ethyl acetate-hexanes to give the II-16 
as a colorless oil (25 mg). 

30 7. The Synthesis of 11-1 7 through 11-21. 

Pyrimidines IM7 through 11-21 are prepared by Method C starting with 
the appropriately substituted aryl ketone. The following is a general procedure for the 
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preparation of these pyrimidines starting with the appropriate ketone. These 
pyrimidines are prepared from 4-methoxyacetophenone, 4-iodoacetophenone, 3,4- 
dichloropropiophenone, 2,4-dimethoxyacetophenone, and 2,3,4-trichloroacetophenone, 
respectively. 

5 A mixture of the ketone (0.33 mmol) and N,N-dimethylformamide (45 

ml, 0.34 mmol) was heated to 100°C for 12 hours. N^dicyclopropylmethyl-N^propyl 
guanidine hydrochloride salt (23 mg, 0.1 mmol) was added followed by ethylene glycol 
(0.1 ml). The mixture was heated to 160°C for 2 hours and cooled down to room 
temperature. The crude product was loaded directly to a preparative TLC plate and 
10 chromatographed with 1 : 1 0 or 1 :5 ethyl acetate -hexanes to give the product. 

The pyriiiudine-containing compounds were isolated as: 11-17 . colorless 
oil; 11-18. colorless oil; 11-19. colorless oil; 11-20. white solid; 11-21. colorless oil. 

8. The Synthesis of 11-22: 2-(N-dicvclopronvlmethvl-N- 
15 propvlaminoM-Q'^'.e'-trimethoxvphenvnpvrimidine. 




11-22 



20 2.4.6-Trimethoxyacetophenone (1.0 g, 4.76 mmol) was dissolved in 4 ml 

anhydrous dimethylformamide. To this solution, N,N-dimethylformamide dimethyl 
acetal (2.30 g, 19.30 mmol) was added at room temperature under nitrogen. The 
resulting solution was then heated at reflux for 16 hours. The reaction solution was 
diluted with ethyl acetate (250 ml), washed with distilled water (3 X 30 ml). The 

25 aqueous solution was back extracted with dichloromethane (3 X 50 ml). The combined 
organic layers was dried over anhydrous sodium sulfate, filtered and evaporated. Flash 
chromatography on silica gel (5% methanol in ethyl acetate) gave the enaminone (0.94 
g, 75%) as white solid. *H NMR (CDCI3): 2.81 (s ? 3H). 2.96 (s. 3H), 3.74 (s. 6H). 3.80 
(s. 3H), 5.30 (d. 1H). 6.1 1 (s, 2H), 7.20 (broad. 1H). Mass (ion spray): 266 (M+H). 288 

30 (M+Na). 

A suspension of N'-propyl-N'-dicyclopropylmethyl guanidine 
hydrochloride (68 mg. 0.30 mmol) and potassium t-butoxide (34 mg. 0,30 mmol) in 
methanol was stirred at room temperature under nitrogen for 10 minutes. To this 



SUBSTITUTE SHEET (RULE 26) 



WO 96/39400 



33 



PCT/US96/09633 



solution, the enaminone (60 mg, 0.23 mmol) was added, and the resulting solution was 
heated at reflux for 15 hours. Solvent was evaporated under vacuum. The residue was 
dissolved in 10 ml ethyl acetate and washed with 1M aqueous hydrochloric acid (2X4 
ml) and distilled water (2X4 ml). The organic layer was dried over sodium sulfate, 
5 filtered and evaporated. Purification by preparative TLC (1% methanol in 
dichloromethane) gave 11-22 (52 mg, 58%). 



9. The Synthesis of 11-23: 2-(N-dicvclopropvlmethvl-N-propvl)-4- 
f2\6'-dimethoxvphenvl)pvrimidine. 




11-23 

2,6-Dimethoxyacetophenone (1.02 g, 5.66 mmol) was dissolved in 5 ml 

15 anhydrous dimethylformamide. To this solution, N,N-dimethyIformamide dimethyl 
acetal (3.10 g. 26.02 mmol) was added at room temperature under nitrogen. The 
resulting solution was then heated at reflux for 2 days. The reaction solution was 
diluted with ethyl acetate (250 ml), and washed with distilled water (3 X 30 ml). The 
aqueous solution was back extracted with dichloromethane (4 X 100 ml). The 

20 combined organic layers was dried over anhydrous dichloromethane, filtered and 
evaporated. The enaminone crystallized and was washed with hexanes and dried (1.26 
g, 95%). The product was used in the next step without further purification. 'HNMR 
(CDCI3): 2.80 (s, 3H), 2.94 (s, 3H), 3.73 (s, 6H), 5.28 (d, 1H), 6.53 (d, 2H), 7.18 (t, 
1H), 7.20 (broad, 1H). Mass (ion spray): 236 (M+H), 258 (M+H). 

25 A suspension of N'-propyl-N^dicyclopropylmethyl guanidine 

hydrochloride (102 mg, 0.44 mmol) and potassium t-butoxide (50 mg, 0.44 mmol) in 
methanol was stirred at room temperature under nitrogen for 10 minutes. To this 
solution, the enaminone (80 mg, 0.34 mmol) was added. The resulting solution was 
then heated to reflux for 20 hours. Solvent was evaporated under vacuum. The residue 

30 was dissolved in 8 ml dichloromethane and washed with 1M aqueous hydrochloric acid 
(2 X 2 ml) and distilled water (2X2 ml). The organic layer was dried over sodium 
sulfate, filtered and evaporated. Purification by preparative TLC (1% methanol in 
dichloromethane) gave II-23 (70 mg. 56%). 
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10, The Synthesis of 11-24: 2-fN-dicvclopropvlmethvl-N-propvlV4- 
f2\4\6 , -trimethvlphenvlpyrimidine. 




2,4,6-Trimethylacetophenone (1.05 g, 6,47 mmol) was dissolved in 5 ml 
anhydrous dimethylformamide. To this solution, N,N-dimethylformamide dimethyl 
acetal (3.10 g, 26.01 mmol) was added at room temperature under nitrogen. The 

10 resulting solution was then heated at reflux for 2 days. The reaction solution was 
diluted with ethyl acetate (250 ml), washed with distilled water (3 X 30 ml). The 
aqueous solution was back extracted with dichloromethane (2 X 30 ml). The combined 
organic layers was dried over anhydrous sodium sulfate, filtered and evaporated to give 
the enaminone as an oil (1.20 g, 86%). ] U NMR (CDCI3): 2.19(s s 6H), 2.24 (s, 3H), 

15 2.80 (s, 3H), 2.94 (s, 3H), 5.26 (d, 1H), 6.70 (broad, 1H), 6.80 (s, 2H). Mass (ion 
spray): 218 (M+H), 218 (M+Na). 

A suspension of N'-propyl-N'-dicyclopropylmethyl guanidine 
hydrochloride (97 mg, 0.42 mmol) and potassium t-butoxide (48 mg, 0.43 mmol) in 
methanol was stirred at room temperature under nitrogen for 10 minutes. To this 

20 solution, the enaminone (70 mg, 0.32 mmol) was added. The resulting solution was 
then heated at reflux for 20 hours. Solvent was evaporated under vacuum. The residue 
was dissolved in 6 ml dichloromethane and washed with 1M aqueous hydrochloric acid 
(2X2 ml), distilled water (2X2 ml). The organic layer was dried over sodium sulfate, 
filtered and evaporated. Purification by preparative TLC (1% methanol in 

25 dichloromethane) gave 11-24 (58 mg, 52%). 



11. The Synthesis of 11-25: 2-(T^-dicvclopropylmethvl-N-propylV4- 
(2^4\6'-trimethoxvphenvlV5-methylpvrimidine. 



30 




11-25 
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A mixture of 1,3,5-trimethoxybenzene (1.00 g, 5.95 mmol) and 
propionyl chloride (0.605 g, 6.54 mmol) in 8 ml 1,2-dichloroethane was cooled in an 
ice bath under nitrogen and treated portionwise with aluminum trichloride (0.872 g, 
5 6.54 mmol) The reaction mixture was stirred for half an hour at 0°C and then for 16 
hours at room temperature. The reaction solution was diluted with 250 ml 
dichloromethane, then washed with 1M aqueous hydrochloric acid (2 X 50 ml), 
saturated sodium bicarbonate (50 ml), and distilled water (2 X 50 ml). The aqueous 
solution was then back extracted with dichloromethane (2 X 50 ml). The combined 

10 organic layers was dried over sodium sulfate, filtered and evaporated. The 
propiophenone was crystallized from 5:1 ethyl acetate/hexanes and washed with 
hexanes (0.90g, 70%). ] HNMR (CDCI3): 1.14 (t, 3H), 2.75 (q, 2H), 3.78 (s, 6H), 3.83 
(s, 3H), 6.1 1 (s, 2H). Mass (ion spray): 225 (M+H), 247 (M+Na). 

2,4,6-Trimethoxypropiophenone (0.50 g, 2.23 mmol) was dissolved in 3 

1 5 ml anhydrous dimethylformamide. To this solution, N,N-dimethylformamide dimethyl 
acetal (1.06 g, 8.90 mmol) was added at room temperature under nitrogen. The 
resulting solution was then heated at reflux for 1 day. The reaction solution was diluted 
with ethyl acetate (250 ml) and washed with distilled water (3 X 50 ml). The aqueous 
solution was back extracted with ethyl acetate (2 X 50 ml). The combined organic 

20 layers was dried over anhydrous sodium sulfate, filtered and evaporated to oil residue. 
The enaminone (420 mg, 68%) was crystallized and washed with hexanes and cold 
ethyl acetate. *H NMR (CDCI3): 2.13 (s, 3H), 3.03 (s, 6H), 3.74 (s, 6H), 3.83 (s, 3H), 
6.12 (s, 2H), 6.87 (broad, 1H). Mass (ion spray): 280 (M+H), 302 (M+Na). 

A suspension of N-propyl-N-dicyclopropylmethyl guanidine 

25 monohydrochloride (19 mg, 0.082 mmol) and potassium t-butoxide (10 mg, 0.089 
mmol) in methanol was stirred at room temperature under nitrogen for 10 minutes. To 
this solution, the enaminone (20 mg, 0.072 mmol) was added. The resulting solution 
was then heated at reflux for 20 hours. Solvent was evaporated under vacuum. The 
residue was dissolved in 4 ml ethyl acetate and washed with 1M aqueous hydrochloric 

30 acid (2X2 ml), and distilled water (2X2 ml). The organic layer was dried over 
sodium sulfate, filtered and evaporated. Purification by preparative TLC (1% methanol 
in dichloromethane) gave 11-25 (22 mg, 75%). 
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12. The Synthesis of 11-26: 4-f2^4 , -dimethvlphenvn-2-fN- 
dicvclopropylmethyl-N-propylamino) pvrimidine. 




A solution of 2',4'-dimethylacetophenone (30 mg, 0.2 mmole) in 26 
microliters of N,N-dimethylformamide dimethylacetal was heated to 80°C in a sealed 
tube for 5 hours. This solution was allowed to cool and N-dicyclopropylmethyl-N- 

10 propyl guanidine (23 mg, 0.1 mmole) and 0.1 mL ethylene glycol were added. This 
was stirred and heated to 160°C for 2 hours. This was allowed to cool to room 
temperature and poured into ether/water. The organic phase was washed with water, 
0.1 M aqueous hydrochloric acid and brine, dried over magnesium sulfate and 
concentrated. The residue was purified by preparative TLC (20% diethyl ether/hexane) 

15 to give 11-26 . 



Method D: 

Method D provides the pyrimidine-containing compounds (formula III) 
of the present invention in four steps. A suitable aryl amidine is converted to a 2- 
20 amino-4-aryIpyrimidine compound by treatment with 3-ethoxyacrytonitrile under basic 
conditions. Reductive amination of a ketone (e.g., dicyclopropyl ketone) with the 2- 
aminopyrimidine compound provides a secondary 2-amino-pyrimidine compound 
which is then acylated with an acid halide (e.g. y propionyl chloride) to yield a 2-amido- 
4-arylpyrimidine compound. Reduction of the amide produces a substituted 2-amino-4- 
25 arylpyrimidine compound of the present invention. 

Method D is represented schematically by the following general reaction 

scheme. 
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R4 




III 

The following scheme more specifically details the preparation of a 
5 pyrimidine-containing compound of the present invention by Method D. 



1. The Synthesis of III-2: 2-(2^4\6 t -trichlorophenvlV4-(N- 
dicvclopropvlmethvl-N-propvlamino)pvrimidine. 



10 




III-2 



A mixture solution of 2.4.6-trichlorobenzeneamidine 
monohydrochloride (500 mg. 1.925 rnmol) and sodium methoxide (104 mg. 1.925 
15 mmol) in 5 ml of 1:1 methanol/ethylene glycol solvent was stirred at room temperature 
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under nitrogen for 10 minutes. To this solution, 3-ethoxyacrylonitrile (225 mg, 2.317 
mmol) was added. The resulting solution was then heated at reflux for 48 hours. 
Methanol was removed under vacuum. The residue was diluted with 250 ml ethyl 
acetate, washed with saturated sodium bicarbonate (3 X 50 ml), and distilled water (3 X 
5 30 ml). The aqueous solution was back extracted with ethyl acetate (2 X 40 ml). The 
combined organic layers was dried over sodium suifate s filtered and evaporated. Flash 
chromatography on silica gel (1:1 ethyl acetate/hexanes) gave the 4-aminopyrimidine 
(320 mg, 61%). 1H NMR(CDCl3): 5.10 (broad, 2H), 6.47 (d, 1H), 7.40 (s, 2H), 8.39 
(d, 1H). Mass (ion spray): 274 (M+H). 

10 To a solution of the 4-aminopyrimidine (184 mg, 0.67 mmol), 

dicyclopropyl ketone (89 mg, 0.81 mmol) and triethylamine (341 mg, 3.37 mmol) in 5 
ml anhydrous dichloromethane under nitrogen was added titanium tetrachloride (167 
mg, 0.88 mmol) and the resulting solution stirred for 18 hours during which time 
warming to room temperature was allowed. Sodium cyanoborohydride (254 mg, 4.04 

15 mmol) in 1 ml methanol was added and the solution was stirred for 3 hours. The 
reaction solution was poured into water (50 ml) and extracted with dichloromethane 
(250 ml). The organic layer was washed with water(2 X 50 ml), dried over anhydrous 
sodium sulfate, filtered and concentrated. Flash chromatography (20% ethyl 
acetate/hexanes) gave secondary amine (200 mg, 81%). ] U NMR (CDCI3): 0.2-0.7 (m, 

20 8H), 0.9-1.1 (m, 2H), 3.2 (t, 1H), 6.31 (d, 1H), 7.38 (s, 2H), 8.25 (d, 1H). Mass (ion 
spray): 368 (M+H). 

To a solution at the secondary amine (100 mg, 0.27 mmol) was 3 ml 
anhydrous dichloromethane at room temperature was added diisopropylethylamine 
(1.30 g, 10 mmol), propionyl chloride (76 mg, 0.82 mmol) and 4- 

25 dimethylaminopyridine (67 mg, 0.55 mmol). The reaction solution was then stirred for 
36 hours. Solvent was removed under vacuum. The residue was dissolved in 250 ml 
ethyl acetate, washed with 1M aqueous hydrochloric acid (3 X 30 ml), saturated sodium 
bicarbonate (2 X 30 ml) and distilled water(2 X 30 ml). The aqueous solution was back 
extracted with ethyl acetate (2 X 50 ml). The combined organic layers was dried over 

30 sodium sulfate^ filtered and concentrated. The product was purified by preparative TLC 
(20% ethyl acetate/hexanes) to give the amide (75 mg, 66%). ] U NMR (CDCI3): 0.2- 
0.7 (m. 8H). 1.10 (t, 3H), 1.1-1.4 (m, 2H). 2.31 (q. 2H), 3.53 (t 1H), 7.39 (d. 1H). 7.44 
(s. 2H). 8.90 (d. 1 H). Mass (ion spray): 424 (M+H). 

The amide (35 mg. 0.083 mmol) was dissolved in 2 ml anhydrous 

35 diethyl ether at room temperature under nitrogen. To this solution, lithium aluminum 
hydride (7 mg. 0.18 mmol) was added. The resulting suspension was stirred for 2 
hours. The reaction solution was cooled to 0°C. 4 ml water was added slowly. The 
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12. The Synthesis of n-26: 4>r2 t < 4'-dimethvlphenvlV2^- 
dicvclopropylmethvl-N>propvlamino)pvrimidine < 




A solution of 2',4'-dimethylacetophenone (30 mg, 0.2 mmole) in 26 
microliters of N,N-dimethylformamide dimethylacetal was heated to 80°C in a sealed 
tube for 5 hours. This solution was allowed to cool and N-dicyclopropylmethyl-N- 

10 propyl guanidine (23 mg, 0.1 mmole) and 0.1 mL ethylene glycol were added. This 
was stirred and heated to 160°C for 2 hours. This was allowed to cool to room 
temperature and poured into ether/water. The organic phase was washed with water, 
0.1 M aqueous hydrochloric acid and brine, dried over magnesium sulfate and 
concentrated. The residue was purified by preparative TLC (20% diethyl ether/hexane) 

15 to give 11-26 . 

Method D: 

Method D provides the pyrimidine-containing compounds (formula III) 
of the present invention in four steps. A suitable aryl amidine is converted to a 2- 
20 amino-4-arylpyrimidine compound by treatment with 3-ethoxyacrytonitrile under basic 
conditions. Reductive amination of a ketone (e.g., dicyclopropyl ketone) with the 2- 
aminopyrimidine compound provides a secondary 2-amino-pyrimidine compound 
which is then acylated with an acid halide (e.g., propionyl chloride) to yield a 2-amido- 
4-arylpyrimidine compound. Reduction of the amide produces a substituted 2-amino-4- 
25 arylpyrimidine compound of the present invention. 

Method D is represented schematically by the following general reaction 

scheme. 



SUBSTITUTE SHEET (HUE 26) 



WO 96/39400 



37 



PCT/US96/09633 



R4 




III 



The following scheme more specifically details the preparation of a 
5 pyrimidine-containing compound of the present invention by Method D. 

1. The Synthesis of III-2: 2-(2\4\6'4richlorot)henvn-4-fN- 
dicvclor)roDvlmethvl-N-propvlamino)pyrimidine. 




III-2 



A mixture solution of 2.4,6-trichlorobenzeneamidine 
monohydrochloride (500 mg. 1.925 mmol) and sodium methoxide (104 mg. 1.925 
1 5 mmol) in 5 ml of 1 :1 methanol/ethylene glycol solvent was stirred at room temperature 
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under nitrogen for 10 minutes. To this solution, 3-ethoxyacrylonitrile (225 mg, 2.317 
mmol) was added. The resulting solution was then heated at reflux for 48 hours. 
Methanol was removed under vacuum. The residue was diluted with 250 ml ethyl 
acetate, washed with saturated sodium bicarbonate (3 X 50 ml), and distilled water (3 X 
5 30 ml). The aqueous solution was back extracted with ethyl acetate (2 X 40 ml). The 
combined organic layers was dried over sodium sulfate^ filtered and evaporated. Flash 
chromatography on silica gel (1:1 ethyl acetate/hexanes) gave the 4-aminopyrimidine 
(320 mg, 61%). NMR(CDCl3): 5.10 (broad, 2H), 6.47 (d, 1H), 7.40 (s, 2H), 8.39 
(d, 1H). Mass (ion spray): 274 (M+H). 

10 To a solution of the 4-aminopyrimidine (184 mg, 0.67 mmol), 

dicyclopropyl ketone (89 mg, 0.81 mmol) and triethylamine (341 mg, 3.37 mmol) in 5 
ml anhydrous dichloromethane under nitrogen was added titanium tetrachloride (167 
mg, 0.88 mmol) and the resulting solution stirred for 18 hours during which time 
warming to room temperature was allowed. Sodium cyanoborohydride (254 mg, 4.04 

15 mmol) in 1 ml methanol was added and the solution was stirred for 3 hours. The 
reaction solution was poured into water (50 ml) and extracted with dichloromethane 
(250 ml). The organic layer was washed with water(2 X 50 ml), dried over anhydrous 
sodium sulfate, filtered and concentrated. Flash chromatography (20% ethyl 
acetate/hexanes) gave secondary amine (200 mg, 81%). ] H NMR (CDCI3): 0.2-0.7 (m, 

20 8H), 0.9-1.1 (m, 2H), 3.2 (t, 1H), 6.31 (d, 1H), 7.38 (s, 2H), 8.25 (d, 1H). Mass (ion 
spray): 368 (M+H). 

To a solution at the secondary amine (100 mg, 0.27 mmol) was 3 ml 
anhydrous dichloromethane at room temperature was added diisopropyiethylamine 
(1.30 g, 10 mmol), propionyl chloride (76 mg, 0.82 mmol) and 4- 

25 dimethylaminopyridine (67 mg, 0.55 mmol). The reaction solution was then stirred for 
36 hours. Solvent was removed under vacuum. The residue was dissolved in 250 ml 
ethyl acetate, washed with 1M aqueous hydrochloric acid (3 X 30 ml), saturated sodium 
bicarbonate (2 X 30 ml) and distilled water(2 X 30 ml). The aqueous solution was back 
extracted with ethyl acetate (2 X 50 ml). The combined organic layers was dried over 

30 sodium sulfate, filtered and concentrated. The product was purified by preparative TLC 
(20% ethyl acetate/hexanes) to give the amide (75 mg, 66%). >H NMR (CDCI3): 0.2- 
0.7 im. 8H). 1.10 (t, 3H), 1.1-1-4 (m, 2H), 2.31 (q. 2H), 3.53 (t, 1H), 7.39 (d. 1H). 7.44 
(s. 2H). 8.90 (d, 1H). Mass (ion spray): 424 (M+H). 

The amide (35 mg. 0.083 mmol) was dissolved in 2 ml anhydrous 

35 diethyl ether at room temperature under nitrogen. To this solution, lithium aluminum 
hydride (7 mg, 0.18 mmol) was added. The resulting suspension was stirred for 2 
hours. The reaction solution was cooled to 0°C. 4 ml water was added slowly. The 
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aqueous solution was extracted with diethyl ether (8 ml). The organic layer was 
washed with 1M aqueous hydrochloric acid (2X2 ml), saturated aqueous sodium 
bicarbonate (2 ml) ? distilled water (2X2 ml), dried over filtered and evaporated. 
Preparative TLC (20% ethyl acetate/hexanes) gave 14 mg (41%) III-2 . 

5 

Method E: 

Some of the pyrimidine-containing compounds of the present invention 
are compounds in which the pyrimidine ring is fused to a cycloalkyl ring at the 4,5- 
positions at the pyrimidine ring. These pyrimidine compounds may be prepared by 
10 condensation of an appropriately substituted ketone (n=l, 2) with a suitably substituted 
guanidine derivative. These pyrimidine-containing compounds may be prepared by 
Method E as represented schematically below. 



a O R4 




15 Ila 

The ethyl ester of a gamma halo alkyl ester (0.051 mol), an appropriately 
substituted phenol (0.5 mol) and potassium carbonate (4 g) were mixed in acetonitrile 
(25 ml) and heated at reflux for 8 hours. The resulting mixture was cooled, filtered and 
20 evaporated to an oil. The crude oil was taken up in tetrahydrofuran (200 ml) and stirred 
with a solution of lithium hydroxide (4 g, 0.1 mol) in water (100 ml). After 14 hours 
the reaction mixture was acidified with 5M aqueous hydrochloric acid and the organic 
layer separated. The extract was then dried over magnesium sulfate and evaporated to 
dryness. 

25 The resulting solid (4 mmol) was dissolved in polyphosphoric acid (25 

g) and heated at 1 10°C for 1 hour with stirring. The resulting solution was then cooled 
to 60°C and poured into water (250 ml). After complete hydrolysis of the 
polyphosphoric acid, the aqueous solution was extracted with ethyl acetate (2 x 100 
ml). The extracts were combined, dried over magnesium sulfate and evaporated to 

30 dryness. Flash chromatography of the residue on silica gel with 20% ethyl acetate in 
hexanes yields the product ketone in 20 to 40% yield. 
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The seven member ketone (0.1 mol) was dissolved in 
dimethylformamide dimethyl acetal (0.5 ml) and heated to 100°C with stirring. After 4 
hours the reaction was cooled and evaporated to a residue with a stream of dry nitrogen. 
The residue was taken up in ethanol (0.5 ml) and N^dicyclopropyhnethyl-N 1 -propyl 
5 guanidine hydrochloride (23 mg, 0.1 mmol) and potassium t-butoxide (12 mg, 0.1 
mmol) added. The reaction was heated at 78°C for 2 hours then cooled and evaporated 
to a residue. The residue was taken up in ethyl acetate (0.5 ml) and washed with water 
(0.5 ml). Chromatography on a 20 cm x 20 cm x 0.5 mm silica gel preparative plate 
eluting with 20% ethyl acetate in hexanes, followed by extraction gave the pyrimidine 
10 Ila. 

EXAMPLE 3 
Synthesis of Triazine-Containing Compounds 

15 

In this example, the preparation of triazine-containing compounds of the 
present invention is described. The triazine-containing compounds are prepared by 
Methods F and G. 

20 Method F: 

The triazine-containing compounds of the present invention (formula 
IV) may be prepared by sequential substitution of the chloride substituents of cyanuric 
chloride. Initially, chloride displacement by a suitable aryl group produces a 2.6- 
dichloro-4-aryl triazine. Subsequent reaction with an appropriately substituted amine 
25 provides a substituted 2-amino-4-aryl-6-chlorotriazine. Finally, substitution of the 6- 
chloro substituent yields the triazine compounds of the present invention. Method F is 
represented schematically by the following general reaction scheme. 
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CI 
N^N 

C1 A N X C) 



CI 

C^N^Cl 



1 I 

*2 R 2 

IV 



The following scheme more specifically details the preparation of 
5 triazine compounds of the present invention by Method F. 




1. The Synthesis of IV- 1: 2-(2\4\6 , -trichloroDhenvn-4-fN- 
dicvclopropvlmethvl-N-propvlaminoV6-chlorotria2ine. 

10 A solution of 1.3,5-trichlorobenzene (3.63 g. 0.02 mole) in 40 mL of 

anhydrous tetrahydrofuran was stirred under nitrogen and cooled in a dry-ice bath. This 

solution was then treated with 12.5 mL of 1.6 M solution of n-butyl lithium (0.02 
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mole), over 10 minutes* After stirring for 0,5 hour, the solution was treated with 
copper (I) iodide (1.90 g, 0.01 mole) and stirring was continued for 0.5 hour. The 
mixture was then treated with cyanuric chloride (4.0 g, 0.027 mole) in 10 mL of 
tetrahydrofuran over 1 minute. This mixture was then allowed to warm to ~22°C over 
5 1 hour and stir for 16 hours. The dark solution was poured into water/ethyl acetate. 
The organic phase was washed with 5% aqueous sodium bicarbonate and brine. The 
organic phase was treated with anhydrous magnesium sulfate, filtered and concentrated. 
The residue was then purified by flash chromatography (0 to 8% ether/hexane) to give 
the 2-(2 , s 4',6 , -trichlorophenyl)-4,6-dichlorotriazine (3.0 g) contaminated with some 

10 cyanuric chloride. This material was pure enough to take on to subsequent steps. J H 
NMR(CDC1 3 ): 7.47 (s). ,3 CNMR (CDCI3): 129.9, 135.6, 138.5, 138.6, 173.9, 175.4. 

A solution of N-dicyclopropylmethyl-N-propylamine (0.6 g, 3.9 mmole) 
in 2 mL of tetrahydrofuran was added to a suspension of 2-(2\4',6'-trichlorophenyl)- 
4,6-dichlorotriazine (0.64 g, 1.9 mmole) with stirring. A clear solution was obtained 

15 and the precipitation of the amine hydrochloride started after a few minutes. The 
solution was allowed to stir for 1 hour, then poured into ethyl acetate/water. The 
organic phase was washed with water, 0.1 M aqueous hydrochloric acid and brine, 
dried over magnesium sulfate and concentrated. This gave 860 mg of IV-I as an oil 
(99% yield). 

20 

2. The Synthesis of IV-2: 2-(2'.4 , .6 > -trichlorophenvn-4-(N- 
dicvclopropvlmethvl-N-propvlamino)"6"aminotria2dne. 

A tetrahydrofuran solution of 2-(2',4',6'-trichlorophenyl)-4-(N- 
dicyclopropylmethyl-N-propylamino)-6-chlorotria2ine (100 mg, 0.224 mmole) in 1 mL 

25 dry tetrahydrofuran in a sealable tube was cooled to -78°C and -2 mL of anhydrous 
ammonia was added. The tube was then sealed and allow to warm to 23 °C and stir for 
10 minutes. The ammonia and tetrahydrofuran were allowed to evaporate, under a 
stream of nitrogen, and the residue was suspended in ether. The ether suspension was 
filtered and the filtrate was concentrated. The residue was purified by preparative TLC 

30 (20% ethyl acetate/hexane) to give the (60 mg. 63% yield). 

3. The Synthesis of IV-3: 2-f2 , .4 , .6 , >trichiorophenvl)-4-fN- 
dicvclopropvlmethyl-N-propvlamino) triazine 

A solution of 2-(2'.4 r .6'-trichlorophenyI)-4-(N-dicyc]opropylmethyl-N- 
35 propylamino)-6-chlorotriazine (130 mg, 0.3 mmole) in 2.5 mL of dimethylformamide 
was treated with sodium thiomethylate (0.04 mg. 0.57 mmole) with stirring at 23°C for 
] hour, the mixture was then poured into ethyl acetate/water. The organic phase was 
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washed with water, 0.1 M aqueous hydrochloric acid and brine, dried over magnesium 
sulfate and concentrated. The residue was purified by preparative TLC (5% diethyl 
ether/hexane) to give 2-(2 , J 4 , ,6'-trichlorophenyl)-4-(N-dicyclopropylmethyl-N- 
propyiamino)-6-methylthiotriazine (110 mg, 80% yield). ! H NMR (CDC1 3 ): 0.2-0.7 
5 (bm, 8H), 0.7-1.2 (bm, 5H), 1.7-1.8 (bm, 2H), 2.3-2.6 (m, 3H), 3.2-3,5 (bm, 3H), 4.8- 
5.1 (bm, 2H), 7.35 (5, 1H) and 7.38 (s, 1H). Mass (ion spray): 457 (M+H). 

A solution of the above compound (10 mg, 0.022 mmole) in 10 mL 
absolute ethanol was treated with a slurry of ~ 200 microliters 1:1 of Raney 
nickehwater. The mixture was stirred rapidly for 1 hour, then filtered and concentrated, 
10 The residue was extracted with ether, the ether suspension was filtered, concentrated 
and the residue purified by preparative thin-layer chromatography to provide IV-3 (1,2 
mg, 13% yield). 

4. The Synthesis of IV-4: 2-f2 > ,4\6 r -trichlorophenvn-4-(N-benzvl- 
15 N-ethvlaminoV6-methoxytriazine. 

A solution of 2-(2 , ,4',6 , -trichlorophenyl)-4 J 6-dichlorotriazine (0.05 g, 

0,15 mmole) in 2 mL of tetrahydrofuran was cooled in an ice-bath, and then was treated 

with N-benzyl-N-propylamine (0.05 mL, 0.3 mmole) in 0.5 mL of tetrahydrofuran, 

with stirring. The precipitation of the amine hydrochloride started immediately. The 

20 solution was allowed to stir for 30 minutes at 0°C, then allowed to warm to 23 °C and 
stir for an additional 30 minutes. This mixture was filtered and treated with a solution 
of potassium t-butoxide (100 mg, 0.89 mole) in 0.5 mL of methanol. After stirring for 
16 hours, the solution was poured into ethyl acetate/water. The organic phase was 
washed with water, 0.1 M aqueous hydrochloric acid and brine, dried over magnesium 

25 sulfate and concentrated. The residue was purified by preparative TLC (10% diethyl 
ether/hexane) to give the IV-4 (40 mg, 63% yield). 

5. The Synthesis of IV-5: 2-r2',4 , .6 , -trichloronhenvlV4-(N- 
diphenylmethvl-N-propylaminoV6-aminotria2ine. 

30 A solution of 2-(2\4 , ? 6'-trichlorophenyl)-4,6-dichlorotriazine (0.05 g, 

0,15 mmole) in 2 mL of tetrahydrofuran, was cooled in an ice-bath, and treated with N- 
diphenylmethyi-N-propylamine (0.05 mL, 0.3 mmole) in 0.5 mL of tetrahydrofuran. 
with stirring. The precipitation of the amine hydrochloride started immediately. The 
solution was allowed to stir for 30 minutes at 0°C then allowed to warm to 23°C and 

35 stir for an additional 30 minutes. The mixture was filtered and transferred to a sealable 
tube. This solution was cooled to ~78°C and - 5 mL of anhydrous ammonia was 
distilled into the tube. The tube was then sealed and allow to warm to 23°C and stir for 
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16 hours. The ammonia and tetrahydrofuran were allowed to evaporate, under a stream 
of nitrogen, and the residue was suspended in ether. The ether suspension was filtered 
and the filtrate was concentrated. The residue was purified by preparative TLC (20% 
ethyl acetate/hexane) to give IV-5 (40 mg, 53% yield). 

5 

Method G: 

Like Method F, Method G provides triazine-containing compounds from 
cyanuric chloride. The difference between the two methods is the sequence of chloride 
substitution. In Method F, the first step involves coupling an aryl group to the triazine 

10 ring while in Method G, the first step involves reaction with a suitably substituted 
amine. The second step in Method G couples an appropriately substituted aryl 
compound to the triazine ring. Accordingly, after the second steps of each method, 
Methods F and G both provide substituted 2-amino-4-aryl-6-chlorotriazine compounds. 
Method G provides 2-amino-4-aryltriazine compounds (formula IV below) and is 

1 5 represented schematically by the following general reaction sequence. 



Cl 



Cl 

ci^%A>r R} 
i 

R 2 



Cl 

! 

Rn 



*5 



N N 

R 2 

IV 



20 The following scheme more specifically details the preparation of a 

triazine-containing compound by Method G. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/39400 



45 



PCT/US96/09633 



1. The Synthesis of IV-8: 2-rN-dicvclopropvlmethvl>N- 
propvlaminoV^^'^'dichlorophenvntriazine. 




5 iv^s 

To a solution of cyanuric chloride (0.737 g, 4.4 mmol) in 5 ml dry 
tetrahydrofiiran was added (0.35 ml, 2 mmol) KN-diisopropylethylamine and (0.75 g, 
4.9 mmol) of N-propyl-N-dicyclopropylmethylamine at room temperature with stirring 

10 under nitrogen. After 1 hour the resulting suspension was partitioned between 0.5M 
aqueous hydrochloric acid and ethyl ether and the organics washed with brine and dried 
over magnesium sulfate. The crude product was chromatographed on silica gel using 
10% diethyl ether/hexanes to give the substituted 2-aminotriazine as a white solid (0.6 
g, 50%). 'H NMR (CDC1 3 ): 3.52-3.62 (q. 2H). 1.75-1.85 (nu 2H), 1.05-1.2 (m. 2H). 

15 0.95-1.05 (t. 3H). 0.65-0.8 (m, 2H), 0.4-0.6 (m. 4H). 0.25-0.35 (m. 2H). 

A solution of the substituted 2-aminotriazine (1.94 g, 6.44 mmol). 2,4- 
dichlorobenzene boronic acid (1.35 g. 7.08 mmol). tetrakis(triphenyl 
phosphine)paIladium (1.49 g. 1.29 mmol). sodium carbonate (2.05 g. 19.3 mmol) in 30 
ml of benzene/water/ethanol (10:4:1) was refiuxed under nitrogen with stirring for 12 

20 hours. The solvent was removed and the residue was partitioned between diethyl ether 
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and water. The ether solution was dried over magnesium sulfate. The crude product 
was chromatographed on silica using 1:1 toluene/hexanes to give the substituted 2- 
amino-4-aryltriazine ££6 as an oil (1.4g, 53%). *H NMR (CDC1 3 ): 7.85-7.95 (d, 1H) 3 
7.4-7.5 (t, 1H), 7.25-7.35 (t, 1H) 5 3.4-3.6 (t, 2H), 1.7-1.9 (m, 2H), L0-L2 (m, 2H), 0.9- 
5 1 .05 (t, 3H), 0.55-0.75 (m, 2H), 0.2-0.55 (m, 6H). 

A solution of the substituted 2-amino-4-aryltriazine IV-6 (0.1 g, 0.24 
mmol) in 2 ml dry tetrahydrofuran was cooled to -60°C in a sealable tube followed by 
the addition of 2 ml of ammonia. The tube was sealed and allowed to stir while 
wanning to room temperature for a total of 3 hours. The resulting solution was 

1 0 concentrated in vacuo and purified column chromatography with silica gel using diethyl 
ether and hexanes to give the substituted 2-amino-4-aryl-6-aminotriazine IV-7 (60 mg, 
64%). J H NMR (CDC1 3 ): 7.6-7.75 (d, 1H), 7.4-7.5 (2s, 1H), 7.2-7.35 (2d, 1H), 4.9-5.1 
(2s, 2H), 3.4-3.6 (t, 2H), 1.7-1.9 (m, 2H), 1.0-1.2 (m, 2H), 0.85-1.05 (2t, 3H), 0.55-0.7 
(m, 2H), 0.2-0.5 (m, 6H). 

15 To a solution of butyl nitrite (11 mg, 0.10 mmol) in 1.0 ml dry N,N- 

dimethylformamide was added the substituted 2-amino-4-aryl-6-aminotriazine IV-7 (27 
mg, 0.07 mmol) under nitrogen with stirring. The colorless reaction mix was heated at 
40°C for 2 hours. The resulting yellow solution was partitioned between diethyl 
ether/water and the ether solution was dried over magnesium sulfate. The crude 

20 reaction was purified on silica gel using 1 0% ethyl ether/hexanes to give IV-8 as an oil. 



EXAMPLE 4 
Synthesis of Triazole-Containing Compounds 

25 

In this example, the preparation of triazole-containing compounds of the 
present invention is described. The triazole-containing compounds are prepared by 
Method H as represented below. 
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Method H: 



b o 




V 



5 Method H provides the triazole-containing compounds of the present 

invention in three steps. In the first step, benzoyl chloride is converted to the 
corresponding isothiocyanate by reaction with lead thiocyanate. The isothiocyanate is 
then reacted with an appropriately substituted amine in the second step to yield the 
corresponding thiourea which, in the third step, is then treated with methyl iodide and 

1 0 then hydrazine to produce the 2-amino-5-aryltriazole compound of structure V. 

In a related method, triazole-containing compounds of structure VI may 
be prepared by modifying the reaction scheme of Method H. Specifically, compounds 
of structure VI may be synthesized by modifying Method H to methylhydrazine (i.e., 
NH(R 6 )NH 2 where = methyl) in place of hydrazine. 

1 5 The following reactions exemplify the synthesis of a triazole-containing 

compound of V- 1 by Method H. 




V-l 

20 
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1. The Synthesis of N-^2,4-DicMo^obenzovI)-NVp^opvIVN , - 
(dicvclopropylmethvfi thiourea. 

2,4-Dichlorobenzoyl chloride (2.1 g, 10 mmol) and lead thiocyanate 
(1.62 g, 5 mmol) were added to toluene (10 ml) and the mixture was heated at reflux for 
5 16 hours. The reaction mixture turned yellow and the insoluble lead salt was removed 
by filtration. The solid was washed with toluene (5 ml) and the yellow filtrate 
containing the isothiocyanate was treated with N-dicyclopropymethyl-N-propylamine 
(2,3 g., 15 mmol). An exothermic reaction ensued and TLC (ethyl acetate: hexane 
1:10) of the reaction mixture showed disappearance of starting material and the 

10 formation of a single new slower moving spot. Flash silica gel (10 ml) was added to 
the reaction and the mixture was evaporated to a powder. The powder was added to the 
top of a flash silica gel column (150 ml) packed with ethyl acetate: hexane (1:10) and 
the column was eluted with the same solvent pair. The fractions containing product 
were combined and evaporated to a white foam (1.9 g, 49%) that was used directly in 

15 the next step. 

2. The Synthesis of 3-(N-Propvl-N"dicvclopropmethvnamino*5- 
f2.4-dichlorophenvlV1.2.4-triazolefV-n. 

The above thiourea (1.75 g, 4.54 mmol) was dissolved in methylene 
20 chloride (20 ml) and treated with methyl iodide (1 ml) at room temperature for 16 
hours. The resulting oil that separated from the reaction was diluted with hexane (20 
ml) and the solution was decanted from the oil. The oil was dissolved in methanolic 
(10 ml) sodium methoxide (125 mg, 5.45 mmol). Hydrazine (320 mg, 10 mmol) was 
added and the light yellow solution was heated at a reflux for 24 hours, poured into 
25 water (50 ml) and stirred at room temperature. The resulting white crystalline solid (1 .5 
g, 90%) was collected by filtration and washed with water and dried in vacuo to give V- 
l,mp 148°C-149°C. 

30 EXAMPLE 5 

Representative Compounds 

Representative thiadiazole-, pyrimidine-, triazine-, and triazole- 
comaining compounds of this invention are set forth in Tables 1 through 5 below. 
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TABLE 1 

Representative Thiadiazole-Containing Compounds 



n /S Vn' : 

>"N R 2 
X 

I 



Compound 




R 2 


X 


1-1 


nC 3 H 7 




Ci 


1-2 


nC 3 H 7 


\7^N7 


Cl 

oj6c 



TABLE 2 

Representative Pvrimidine-Containing Compounds 




R 2 

II 



Compound 




*2 


*3 


R4 


X 


IM 


nC,H 7 




H 


H 


Cl 


11-2 


nC,H 7 




CH : 


H 


a 

jbr 
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Compound 




*2 


*3 


R4 


X 


11-3 






H 


CH 3 


CI 


II-4 


nC 3 H 7 




F 


H 


CI 


II-5 


nC 3 H 7 




CI 


H 


CI 


11-6 


nC 3 H 7 




H 


CI 


CI 


II-7 


nC 3 H 7 


1 


CH 3 


H 




11-8 


nC 3 H 7 




Br 


H 




11-9 


nC 3 H 7 




H 


H 




11-10 


nC 3 H 7 




0 

-£n(CH 3 ) 2 


H 


CI 


11-11 


nC 3 H 7 




H 


H 


CI 


11-12 


nC\H 7 




0 

-6sI(CH0 2 


H 


CI 
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Compound 




R2 


R3 


R4 


X 


11-13 


nC 3 H 7 




-S0 2 CH 3 


H 


CI 

jbr 


11-14 


nQH 7 




-SOCH 3 


H 


a 


11-15 


nC 3 H 7 




CH 2 CH 3 


H 


CI 

A- 


11-16 


nC 3 H 7 


i 


CH 3 


H 




11-17 


nC 3 H 7 




CH 3 


H 


CH 3 Q^^ 


11-18 


nC 3 H 7 




H 


H 




II- 19 


nC 3 H 7 




CH 3 


H 




11-20 


nC 3 H 7 




H 


H 


och 3 

CH 3 0^^ 


11-21 


nC 3 H 7 




H 


H 




11-22 


nC,H 7 


1^X7 


H 


H 


OCH, 
CHjCT^^OCHj 
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Compound | 




R2 


R3 


R4 


X 


11-23 


nC 3 H 7 




H 


H 


OCH 3 

6c, 


11-24 


nC,H 7 




H 


H 


CH 3 


11-25 


nC 3 H 7 




CH 3 


H 


OCH 3 


11-26 


nC 3 H 7 




H 


H 


CH 3 


11-27 


nC 3 H 7 




H 


H 


OCH 3 


11-28 


nC 3 H 7 


JL, 


H 


H 




11-29 


nC 3 H 7 




CH 3 


H 


ir 


11-30 


nC 3 H 7 




CH 3 


H 


or 


11-31 


nC 3 H 7 




H 


H 


CI 


11-32 


nC,H 7 




CH, 


H 


OCH 3 
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Compound 




R2 


R3 


R4 


X 


TT 11 

11-33 


nC 3 H 7 




(see X) 


H 




11-34 


nC 3 H 7 




(seeX) 


H 




11-35 


nC 3 H 7 




H 


H 


OCH 3 
LI ^ UCH 3 


11-36 


nC 3 H 7 




H 


H 


0CH 3 


11-37 


nC 3 H 7 




CH 3 


H 




11-38 


nC 3 H 7 




CH 3 


H 




11-39 


nC 3 H 7 




CH 3 


H 


OCH 3 
CH 3 0^^^ 


11-40 


nC 3 H 7 


^7 


CH 3 


H 


Ph 


11-41 


nC,H 7 




-CO : CH 3 


H 


OCHj 


11-42 


nC,H 7 




CH, 


CH, 
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Compound 


Ri 


R2 


R3 


R4 


X 


11-43 


nC,H 7 




H 


H 


CH 3 



TABLE 3 

5 Representative Pvrimidine-Containing Compounds 




Compound 


R, 


R> 


R 3 


R4 


X 


III-l 


nC 3 H 7 




H 


H 


CI 


III-2 


nC 3 H 7 




H 


H 


a 


IH-3 


nC 3 H 7 




H 


H 


OCH3 

CH^O^^^OCHj 
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TABLE 4 

Representative Triazine-Containing Compounds 




R 2 

5 IV 



Compound 




R 2 


R5 


X 


IV-1 


nC 3 H 7 




Cl 


Cl 

i 

CI^^^Cl 


IV-2 


nC 3 H 7 




NH 2 


Cl 

1 


IV-3 


nC 3 H 7 




H 


ci ! 


IV-4 


nCH, 




OCH3 


Cl 


IV-5 


nC 3 H 7 


Ph^^Ph 


NH 2 


Cl 

■jbc 


IV-6 


nC 3 H 7 




CI 


Cl 


IV-7 


nC 3 H, 




NH : 


C! 
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IV-8 



nC,H 7 



^7 



H 



CI 




TABLE 5 

Representative Triazole-Containing Compounds 



N — N 



X N N 
H 



N— N 

\\ 



R 2 



R 2 



VI 



10 



Compound 




R 2 




X 


V-I 


nC 3 H 7 






CI 

Jr 


VI-1 


nC 3 H 7 




CH 3 


CI 



EXAMPLE 6 
Analytical Data of Representative Compounds 

15 

This example presents (in Table 6) *H NMR and mass spectral (MS) 
data for representative thiadiazole-, pyrimidine-, triazine-. and triazole-containing 
compounds listed in Tables 1 through 5 of Example 5. The *H NMR spectra were 
recorded as CDC1, solutions and chemical shifts are reported in ppm downfield from 
20 tetramethylsilane. The mass spectra (MS) were obtained by ion spray mass 
spectrometry unless otherwise indicated. EI-MS refers to mass spectra obtained by 



SUBSTITUTE SHEET (RULE 26) 



WO 96/39400 



57 



PCT/US96/09633 



electron impact mass spectrometry. The mass spectra reported refer to molecular ions 
(M) unless otherwise indicated. 



5 TABLE 6 

Analytical Data of Representative Compounds 



Compound 


'HNMR 


MS 


i i 
i- 1 


U.4_>^m, /raj, \J.t3y{Tti 7 J.n.) i 1 .Uj^JriJ, 1 . 13^ITl,ZriJ, 

L87(m,2H), 3.45(t,2H),7.28(d,lH), 7.42(s,lH), 
7.78(d,lH) 




hi 


1.88(m,2H), 3.49 (t,2H),7.39 (s,2H) 


41 / 


IM 


0.35(m,4H), 0.43(m,2H), 0.62(m,2H), 0.95(t,3H), 
0.91-l.21(br,2H), 1.80(m,2H), 3.55(t,2H), 3.55- 
3.75(br,lH), 6.68-6. 80(br,lH), 7.34(d,lH), 
7.46(s,lH), 7.60(m,lH), 8.20-8.3 8(br,lH) 


EI-MS: 375, 
377 


11-2 


0.31(m,4H), 0.38(m,2H), 0.58(m,2H), 0.93(t,3H), 
l.I0(m,2H), 1.77(m,2H), 1.941(s,3H), 3.51(t,2H), 
3.50-3.70(br,lH), 7.18(d,lH), 7.32(d,d,lH), 
7.47(d,lH), 8.14(s,lH) 


390 


II-3 


0.35(m,4H), 0.43(m,2H), 0.62(m,2H), 0.96(t,3H), 
1 .06-1 .22(br,2H), 1.82(m,2H), 2.34(s,3H), 3.57(t,2H), 
3.70-3.85(br,lH), 6.6I(s,lH), 7.32(d,lH), 7.46(d,lH), 
7.40-7.60(br,lH) 


390 


11-4 


0.29(m,2H), 0.38(m,4H), 0.61(m,2H), 0.93(t,3H), 
1.09(m,2H), 1.77(m,2H), 3.50(t,2H), 3.40-3 .60(br,lH) 
7.36(m,2H), 7.50(s,lH), 8.I7(s,lH) 


394 


II-5 


0.26(m,2H), 0.35(m,4H), 0.61(m.2H), 0.92(t,3H), 
1.08(m,2H), 1.76(m,2H), 3.49(t,2H), 3.40-3.60(br,IH) 
2.25(br,lH), 7.43(d,lH), 7.48(s.lH), 8.10-8.35(brJH) 


410 


11-6 


0.36(m,6H), 0.63(m,2H), 0.95(t,3H), 1.00-1.20(br,2H) 
I.79(rru2H), 3.54(UH), 3.40-3.60(br,lH), 
6.65-6.80(br.lH), 7.28-7.40(br,2H). 7.47(s,lH) 


410 


II-7 


0.30(m.4H). 0.42(m.2H). 0.60(m.2H). 0.95(t.3H), 
1 .03- 1 . 1 8(br,2H). 1 .79(m.2H). 2. 1 6(s ,3H). 3.54(t,2H), 
3.60-3.75(br,lH). 7.41(d.2H). 7.55(d.2H). 8.1 1(s.lH) 


356 
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II-8 


0.29(m,2H), 0.37(m,4H), 0.63(m,2H), 0.96(t,3H), 
1.00-1 21(br,2H), 1.79(m,2H), 3.54(t,2H), 3.50- 
3.70(br,lH), 7.43(d,2H), 7.60-7. 90(br,2H), 8.20- 
8.45(br,lH) 


EI-MS:419, 
421 


II-9 


0.35(m,4H), 0.48(m,2H), 0.64(m,2H), 1.00(t,3H), 
1.00-1 ^5{br,2H), 1.83(m,2H), 3.61(t^H), 3.50- 
3.90(br,lH), 6.78(d,lH), 7.41(d,2H), 7.80- 
8.05(br,2H), 8.20-8,35(br,lH) 


EI-MS:410 


11-10 


0.3(bm,6H), 0.6(bm,2H), 0.9(bm,3H), l,I(bm,2H), 
1.8(bm,2H), 1.95(s,3H), 3.28(bm,IH), 3.5(t,2H), 
6.61(bs,lH), 7.32(bs,lH), 7.5(s,lH), 8.4(bs,lH) 


EI-MS: 432 


II- 11 


0.2-0.5(m,6H),0.59(rn,2H), 0.93(m,3H), 1.08(m,2H), 
1.78(m,2H),3.51(t,2H), 6.33(d,2H), 7.26(s,lH), 
7.38(s,lH),8.35(m,lH) 


401 


11-12 


0.2-0.55(m,6H), 0.63(m,2H), 0.86(t,2H), 0.96(t,2H), 
1 .08(m,2H),1.77(m,2H), 3.60(m,2H)5.30(s,3H), 
7.08(d, 1 H)7.26(m, 1 H), 7.38(d, 1 H),8.80(d, 1 H) 


447 


11-13 


0.2-0.5(m,7H), 0.65(m,2H), 0.85(t,lH),1.0(t,lH), 
l.l(m,2H), l,80(m,3H), 2.80(s,3H), 3.60(m,2H), 
7.25(s,lH), 7.30(d,lH), 7.45(d,IH), 8.75(s,I/3 H), 
8.90(s,2/3 H) 


M+H: 454, 
456; M+Na: 
476, 478 


II- 14 


0.2-0.5(m,7H), 0.75(m,2H), 0.90(tJH), 1.0(t,lH), 
l.I2(m,2H), 1.78(m,3H), 2.66(s,3H), 3.60(m,2H), 
7.27(d,lH), 7.36(d,lH), 7.49(d, IH), 8.75(s, 1/2 H), 
8.90(s,l/2H) 


M+Na: 460, 
462. 


11-15 


0.25-1.85 (m, 21H), 2.25 (q, 2H), 3.50 (m, 2H), 3.61 
(brs, IH),7.I8(d, IH), 7.31(dd, IH), 7.46 (d, IH), 
8.20 (brs, 1H) 


404 


11-16 


0.28 (m, 2H), 0.50 (m, 2H), 0.92 (t, 3H), 1.15 (m, 
1H), 1.65 (m, 2H), 3.50 (d, 2H), 3.62 (m, 2H), 3.50 
(d, 2H), 3.62 (m, 2H), 7.5 l(d. 2H), 7.86 (d, 2H), 8.15 
(s, 1H) 


360 


11-17 


0.25-1.85 (m, 18H), 2.20 (s. 3H), 3.54 (m, 2H), 
3.70(m, 1H). 3.97 (s, 3H). 6.97 (d. 2H), 7.62 (d, 2H), 
8.08(s, IH) 


352 


II- 1 8 


0.25-1.85 (m, 18H),3.60 (m. 2H). 3.70 (m. IH). 
6.82(d, 1H),7.80 (m, 4H), 8.30 (brs, IH) 


434 


11-19 


0.25 - 1 .82 (m. 18H). 2.16 (s. 3H). 3.52 (m. 2H). 3.62 
(m. IH). 7.45 (brs. 1H).7.5I (d. IH). 7.70 (brs. IH), 
8.12 (brs. IH) 


390 
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11-20 


0.30 - 1.90 (m, 18H), 3.60 (m, 2H), 3.75 (m, IH), 
3.88 (s, 6H), 6.54 (s, 1H), 6.62 (d, 1H), 7.08 (d, 1H), 
8.00 (brs, 1H), 8.20 (brs, 1H) 


369 


11-21 


0.25-1.85 (m, 18H), 3.54 (m, 2H), 3.70 (m, IH), 6.64 
(brs, IH), 7.44 (d, 1H), 7.46 (d, 1H), 8.30 (brs, 1H) 


410 


11-22 


0.2-0.7(m, 8H), 0.94(t, 3H), 1.0-i.2(m, 2H), 1.7- 
1.9(m, 2H), 3.40-3 .60(m, 3H), 3.74(s, 6H), 3.86(s, 
3H), 6.20(s, 2H), 6.42(d, IH), 8.24(d, IH) 


398 


11-23 


0.20-0.65(m, 8H), 0.93(t, 3H), 1.0-1.2(m, 2H), 1.6- 
1.9(m, 2H), 3.4-3.6(m, 3H), 3.74(s, 6H), 6.4 l(d, IH), 
6.63(d, 2H), 7.30(t, IH), 8.26(d, IH) 


M+H: 368; 
M+Na: 390 


11-24 


0.2-0.7(m, 8H), 0.8-1. 2(m, 5H), 1.5-1.9(m, 2H) 2.1(s, 
6H), 2.32(s, 3H), 3.4-3.8(m, 3H), 6.28(d, IH), 6.91(s, 
2H), 8.26(broad, IH) 


M+H: 350; 
M+Na: 372 


11-25 


0.2-0.6(m, 8H), 0.9I(t, 3H), 1.0-l.l(m, 2H), 1.5- 
1.9(m, 2H), 1.84(s, 3H), 3.4-3.6(m, 3H), 3.71(s, 6H), 
3.85(s, 3H), 6.18(s, 2H), 8.08(s, IH) 


M+H: 412; 
M+Na: 434 


11-26 




M+H: 336; 
M+Na: 358 


11-27 


0.35(bm,4H), 0.45(bm,2H), 0.6(bm,2H),0.85(bm,2H), 
0.95(t,3H), 1.8(bm,2H), 2.05(bmJH), 3.55(t,2H), 
3.85(s,3H), 5.35(s,lH), 6.95(s,lH), 7.05(m,2H), 
8.23(bm,lH) 


M+Na: 394 


11-28 


0.3-0.45(m,4H), 0.4-0.55(m,4H), 0.6-0.75(m,2H), 
0.95-1.1 (t,3H), I.05-1.25(m,IH), 1 .75-I.95(m,2H), 
3.6-3.7(t,2H), 6.8-6.9(d,2H), 7.65-7.75(d,2H), 
7.8-8.0(d,lH), 8.2-8.4(d,lH) 


387 


11-29 


0,25-0.45(m,6H). 0.55-0.65(m,3H), 0.85-1.0(t,3H), 
1.05-U5(m,4H), 1.25(s,3H), 3.45-3.55(t,2H), 7.1- 
7.2(t,lH), 7.2-7.3(t,lH), 7.35-7.5(m,2H), 8.1(s,lH) 


340 


11-30 


0.2-0.5(m,6H). 0.55-0.7(m,3H), 0.85-1. 05(t,3H). 1.0- 
!.2(m,2HX I.7-i.9(m,2H),2.45(s,3H). 3.55(t,2H). 
7.2-7.4(m,5H), 8.25(s,lH) 


322 


11-31 


0.29(d,2H), 0.50(12H). 0.94(t,3H). U5(m,lH), 
1.69(m.2H). 3.53(d,2H). 3.63(t,2H). 6.78(d,lH), 
7.33(d,lH).7.47(s.lH).7.58(d.lH). 8.35(d.1H) 


El-MS: 335, 
337 


11-32 


0.4(m,4H). 0.42(m.2H). 0.59(m.2H). 0.95(t.3H). 
l.l(bm.2H).l.75(m.2H). ! .9(s.3H). 3.5(t.2H), 
3.65(bm. IH). 3.8GH.S). 6.95(s.lH). 7.1(m.2H). 
8.05{s.lH) 


EI-MS: 385 
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11-33 


0.35(bm,4H), 0,45(bm,2H), 0.65(bm,2H), 1.05(t,3H), 
1.15(bm,2H), 1.85(m,2H), 2.6(t,2H), 3.55(m,2H), 
3.8(bm,lH), 4.4(t,2H), 7.1(m,lH), 7.35(m,lH), 
8.2(bs,lH) 


EI-MS:417 


11-34 


0.4(bm,6H), 0.65(bm,2H), 1.9(bm,2H), 2.67(t,2H), 
3.55(m„2H), 3.8(bm,lH), 3.82(s,3H), 3.88(s,3H), 
4.42(t,2H), 6.35(m,lH), 6.45(m,IH), 8.15(bs,lH) 


EI-MS: 409 


11-35 


0.3(6H), 0.65(m,2H), 0.92(t,3H), 1.05(bm,2H), 
1.8(m,2H), 3.55(t,2H), 3.7(bs,lH), 3.75(s,6H), 
6.39(d,lH) 6.65(s,2H), 8.25(bs,lH) 


! EI-MS: 401 


11-36 


0.3(bm,6H), 0.65(bm,2H),0.92(rn,3H), I.05(bm,2H) 
1.8(bm,2H),3.55(t,2H), 3.7(bs,lH), 3.75(s,3H), 3.85, 
(s,3H), 6.39(d,lH), 6.42(m,lH), 6.52(m,lH), 
8.3(bs,lH) 


EI-MS: 41 1 


11-37 


0.25-1.85 (m, IH), 2.20 (s, 3H), 3.57 (m, 2H), 
3.70(brs, 1H), 7.16 (m, 2H), 7.62 (brs, 2H), 8.12 (brs, 
1H) 




11-38 


0.25-1.85 (m, 18H), 2.16 (s, 3H),3.51 (m,2H), 
3.68(m, IH), 7.50 (brs, 2H), 7.57 (d, 2H), 8.10 (brs, 
1H) 


400 


11-39 


0.25-1.85 (brs., 18H), 1.93 (s, 3H), 3.53 (m, 2H), 3.70 
(brs, 1H),3.79 (s, 3H), 3.86 (s, 3H), 6.52 (d, 1H), 6.58 
(dd, 1H), 7.20 (d, 1H), 8.08 (brs, 1H) 


382 


11-40 


0.25-1. 85(m, 18H), I.61(s, 3H), 3.4-3.65(m, 3H), 
7.15-7.50(m, 9H), 7.9(brs, 1H) 


398 (M+l) 


n-42 


0.25-i.85(m, 18H), 2.08(s, 3H), 2.33(s, 3H), 3.52(m, 
2H). 3.65(m, 1H), 7.40(d, 2H), 7.56(d, 2H) 


413,415 
(M+l) 


III- 1 


0.2-0.8(m, 8H), 0.95(t,3H), 0.90-1. 10(m, 2H), 
1.60-1.80(m, 2H), 3.2-3.6(m,3H), 6.26(d, 1H), 7.30(d, 
IH), 7.45(s, 1H), 7.68(d, 1H), 8.22(d, 1H) 


376 


III-3 


0.2-0.7(m, 8H), 0.90(t, 3H), 0.95-1.20(m,2H), 1.7- 
l.9(m. 2H), 3.3-3.5(m, 3H), 6.28(d, lH),7.35(s, 2H), 
8.22(d, 1H) 


M+H: 440; 
M+Na: 432 


IV- 1 


0.2-0.8 (bm, 8H), 0.8-1.2 (bm, 5H), 1.2-2.8 (bm, 2H), 
3.3-3.7(bm, 3H), 4.8-5.1 (bm, 2H), 7.38, 7.43 and 
7.52 (3s, 2H) 


445 


IV-2 


0.2-0.7 (bm. 8H), 0.7-1 .2 (bm. 5H), 1 .2-2.8 (bm. 2H), 
3.2-3.5(bm, 3H). 4.8-5.1 (bm. 2H). 7.35 and 7.38 (2s. 
2H) 


426 
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IV-3 




EI-MS:411, 
412 


IV-4 


1.2 (m, 3H), 0.7-1.2 (bm, 5H), 3.62 (m, 2H), 3.95 
and 4.06(2s, 3H), 4.87 and 4.93 (2s, 2H), 7.2-7.5 (m, 
7H) 


M+H: 423; 
M+Na: 445 


1V-5 


0.4-l.l(bm, 2H), 1.23 (t, 3H), 3.3-3.6 (m, 2H), 5.2 
(bs,lH), 7.2-7.5 (m, 12H). 




IV-6 


0.2-0.5 5(m,6H), 0.55-0.75(m,2H), 0.9-1.05(t,3H), 
1.0-1.2(m,2H), 1.7-1.9(111,2^,3.4.3.60,2^ 7.25- 
7.35(t,lH), 7.4-7.5(t,lH), 7.85-7.95(2d,lH) 


412 


IV-7 


0.2-0.5(m,6H), 0.55-0.7(m,2H), 0.85-1 .05(t,3H), 
I.0-1.2(m,2H), 1.7-1.9(m,2H), 3.4-3.602H), 4.9- 
5.1(2s,2H), 7.2-7.35(2d,lH), 7.4-7.5(2s,IH), 7.6- 
7.75(2d,lH) 


392, 393 


IV-8 


0.2-0.6(m,6H), 0.6-0.8(m,2H), 0.8-1.44(m,6H), 1.75- 
1.9(m,2H), 3.55-3.65(t,2H), 7.3-7.4(d,IH), 8.45- 
8.55(s,lH), 8.6-8.8(d,lH), 8.55-8.7(s,lH) 


378 


V-I 


0.25-0.5(m,7H), 0.65(m,2H), 0.95(t,3H),l.l(m,2H), 
1.8(m,2H), 3.03(t,lH), 3.4(t,2H), 7.30(d,lH), 
7.35(d,lH), 7.47(d,lH), 7.93(bs,lH) 


365 



EXAMPLE 7 

Representative Compounds Having CRF Receptor Binding Activity 

5 

This example identifies representative compounds of this invention 
having CRF receptor binding activity (Kj) of equal to or less than 250 nM. Compounds 
were evaluated for binding activity to the CRF receptor by a standard radioligand 
binding assay as generally described by DeSouza et al. (J. Neurosci. 7:88-100, 1987). 

10 By utilizing various radiolabeled CRF ligands, the assay may be used to evaluate the 
binding activity of the compounds of the present invention with any CRF receptor 
subtype. Briefly, the binding assay involves the displacement of a radiolabeled CRF 
Hgand from the CRF receptor. 

More specifically, the binding assay was performed in 1 .5 ml Eppendorf 

15 tubes using approximately 1 x 10 6 cells per tube stably transfected with human CRF 
receptors. Each tube received about 0.1 ml of assay buffer (e.g.. Dulbecco's phosphate 
buffered saline. 10 mM magnesium chloride. 20 jiM bacitracin) with or without 
unlabeled sauvagine. urotensin 1 or CRF (final concentration. 1 uM) to determine 
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nonspecific binding, 0.1 ml of [ 125 I] tyrosine - ovine CRF (final concentration -200 pM 
or approximately the K D as determined by Scatchard analysis) and 0.1 ml of a 
membrane suspension of cells containing the CRF receptor. The mixture was incubated 
for 2 hours at 22°C followed by the separation of the bound and free radioligand by 
5 centrifugation. Following two washes of the pellets, the tubes were cut just above the 
pellet and monitored in a gamma counter for radioactivity at approximately 80% 
efficiency. All radioligand binding data was analyzed using the non-linear least-square 
curve-fitting program LIGAND of Munson and Rodbard (Anal. Biochem. 707:220, 
1990). 

10 Representative compounds of the present invention having a < 250 

nM are listed in Table 7 below. Binding activity corresponds to the concentration (nM) 
of the compound necessary to displace 50% of the radiolabeled ligand from the 
receptor. These results demonstrate that representative compounds of the present 
invention are effective CRF receptor antagonists. 

15 

TABLE 7 

Representative Compounds Having atC< 250 nM 



Compound 




*2 


*3 


R4 


*5 


X 


II-7 


nC 3 H 7 




CH 3 


H 






11-11 


nC 3 H 7 




H 


H 




a 


11-16 


nC 3 H 7 




CH 3 


H 




jot 


11-22 


nC 3 H 7 




H 


H 




OCHt 
CHjO^^^OCH, 


11-23 


nC,H 7 


\r^7 


H 


H 




OCH, 

6c, 
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Compound 




R2 


R3 


R4 


R5 


X 


11-24 


nC 3 H 7 


1 


H 


H 




CH 3 

A 


11-25 


nC 3 H 7 


i 


CH 3 


H 




OCH 3 

A 


11-32 


nC 3 H 7 


1 


CH 3 


H 




OCH 3 

a A 


11-35 


nC 3 H 7 


1 


H 


H 




OCH3 

A 

Cl / ^^OCH 3 


11-36 


nC 3 H 7 




H 


H 




A 

CH 3 O^^^Cl 


11-39 


nC 3 H 7 


1 


CH 3 


H 




OCHi 
CH 3 0^^^ 


11-43 


nC 3 H 7 


i 


H 


H 




^1*3 


IV-2 


nC 3 H 7 


i 






NH 2 


CI 


IV-7 


nC,H 7 








NH 2 


CI 

> 
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Compound 


Ri 


R2 


R3 


R4 


Rs 


X 


IV-8 


nC 3 H : 








H 


CI 



EXAMPLE 8 
CRF-Stimulated Adenylate Cyclase Activity 

5 

The compounds of the present invention may also be evaluated by 
various functional testing. For example, the compounds of the present invention may 
be screened for CRF-stimulated adenylate cyclase activity. An assay for the 
determination of CRF-stimulated adenylate cyclase activity may be performed as 

10 generally described by Battaglia et al. {Synapse 7:572, 1987), with modifications to 
adapt the assay to whole cell preparations. 

More specifically, the standard assay mixture may contain the following 
in a final volume of 0.5 ml: 2 mM L-glutamine, 20 mM HEPES, and 1 mM IMBX in 
DMEM buffer. In stimulation studies, whole cells with the transfected CRF receptors 

1 5 are plated in 24- well plates and incubated for 1 h at 37°C with various concentrations of 
CRF-related and unrelated peptides in order to establish the pharmacological rank-order 
profile of the particular receptor subtype. Following the incubation, the media is 
aspirated, the wells rinsed once gently with fresh media, and the media aspirated. To 
determine the amount of intracellular cAMP, 300 jil of a solution of 95% ethanol and 

20 20 mM aqueous hydrochloric acid is added to each well and the resulting suspensions 
are incubated at -20°C for 16 to 18 hours. The solution is removed into 1.5 ml 
Eppendorf tubes and the wells washed with an additional 200 |il of ethanol/aqueous 
hydrochloric acid and pooled with the first fraction. The samples are lyophilized and 
then resuspended with 500 jal sodium acetate buffer. The measurement of cAMP in the 

25 samples is performed using a single antibody kit from Biomedical Technologies Inc. 
(Stoughton. MA). For the functional assessment of the compounds, a single 
concentration of CRF or related peptides causing 80% stimulation of cAMP production 
is incubated along with various concentrations of competing compounds (10" ,:! to 10' 6 
M). 

30 
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It will be appreciated that, although specific embodiments of the 
invention have been described herein for purposes of illustration, various modifications 
may be made without departing from the spirit and scope of the invention. 
Accordingly, the invention is not limited except as by the appended claims. 
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Claims 



1 . A compound represented by structure I: 




X 

I 



wherein 

Rj and R 2 are independently selected from a C1-C6 alkyl group, a C3-C6 
alkenyl group, a C2-C6 alkylether group, a C2-C6 alkylthioether group, a C4-C9 
cycloalkylalkyl group, a C7-C20 dicycloalkylalkyl group, a C7-C20 cycloalkylarylalkyl 
group, a C7-C20 arylalkyl group, a C7-C20 diarylalkyl group, a C3-C14 heteroaryl group, a 
C3-C14 heteroarylalkyl group, and substituted derivatives thereof; and 

X is selected from a substituted C3-C14 monocyclic or fused, homoaryl or 
heteroaryl group. 

2. A compound represented by structure II or III: 




II III 



wherein 

Rj and R 2 are independently selected from a C1-C6 alkyl group, a C3-C6 
alkenyl group, a C2-C6 alkylether group, a C2-C6 alkylthioether group, a C4-C9 
cycloalkylalkyl group, a C7-C20 dicycloalkylalkyl group, a C7-C20 cycloalkylarylalkyl 
group, a C7-C20 arylalkyl group, a C7-C20 diarylalkyl group, a C3-C14 heteroaryl group, a 
C3-C14 heteroarylalkyl group, and substituted derivatives thereof: 
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R 3 and R4 are independently selected from hydrogen, amino, a C1-C6 
substituted amine group, a halogen, a C1-C2 alkyl group, a C1-C6 carbonyl-containing group 
and a C1-C6 sulfur-containing group; and 

X is selected from a substituted C3-C14 monocyclic or fused, homoaryl or 
heteroaryl group. 

3. A compound represented by structure IV: 




wherein 

R) and R 2 are independently selected from a C1-C6 alkyl group, a C3-C6 
alkenyl group, a C2-C6 alkylether group, a C2-C6 alkylthioether group, a G4-C9 
cycloalkylalkyl group, a C7-C20 dicycloalkylalkyl group, a C7-C20 cycloalkylarylalkyl 
group, a C7-C20 arylalkyl group, a C7-C20 diary lalkyl group, a C3-C14 heteroaryl group, a 
C3-C14 heteroarylalkyl group, and substituted derivatives thereof; 

R5 is selected from hydrogen, a halogen, amino, a C1-C6 alkyl group and a 
C1-C6 alkoxy group; and 

X is selected from a substituted C3-C14 monocyclic or fused, homoaryl or 
heteroaryl group. 

4. A compound represented by structure V or VI: 
N— N N— N 

AX^ AX * 

H I I 

R; R; 

V VI 



wherein 
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Rj and R 2 are independently selected from a C1-C6 alkyl group, a C3-C6 
alkenyl group, a C2-C6 alkylether group, a C2-C6 alkylthioether group, a C4-C9 
cycloalkylalkyl group, a C7-C20 dicycloalkylalkyl group, a C7-C20 cycloalkylarylalkyl 
group, a C7-C20 arylalkyl group, a C7-C20 diarylalkyl group, a C3-C14 heteroaryl group, a 
C3-C14 heteroarylalkyl group, and substituted derivatives thereof; 

is selected from hydrogen and methyl; and 

X is selected from a substituted C3-C14 monocyclic or fused, homoaryl or 
heteroaryl group. 

5. The compound of any one of claims 1 -4 wherein X is a substituted C3- 
C14 monocyclic or fused homoaryl group. 

6. The compound of claim 5 wherein the homoaryl group is selected from 
phenyl and naphthalenyl. 

7. The compound of any one of claims 1-4 wherein X is a substituted C3- 
C14 monocyclic or fused heteroaryl group. 

8. The compound of claim 7 wherein the heteroaryl group is selected 
from pyridyl, pyrimidyl, thiophenyl, quinolinyl, isoquinolinyl, purinyl, pyrrolyl, furanyl, 
thiophenyl, thiazolyl and imidazolyl. 

9. The compound of claim 7 wherein the heteroaryl group is pyridyl. 

10. The compound of any one of claims 1-4 wherein the substituted C3- 
C14 monocyclic or fused, homoaryl or heteroaryl group is substituted with a substituent 
selected from hydroxy, a halogen, a C1-C8 alkyl group, a C1-C8 alkoxy group, a C1-C8 
thioalkyl group, a C3-C8 cycloalkyl group, a C3-C8 heterocyclic alkyl group, amino, a Cl- 
C8 substituted amine group, cyano, a C1-C8 alkylcyano group, a C1-C8 alkylsulfoxidyl 
group and a C1-C8 alkylsulfonyl group. 

11. The compound of any one of claims 1-4 wherein the substituted C3- 
C14 monocyclic or fused, homoaryl or heteroaryl group is substituted with a substituent 
selected from an aryl group, an aryloxy group, an arylsulfoxide group, an arylsulfonyl group, 
an arylalkyl group and an arylalkyloxy group, wherein the aryl group and the aryl portion of 
the aryloxy. arylsulfoxide. arylsulfonyl. arylalkyl and arylalkyloxy groups is a substituted or 
nonsubstituted C3-C14 monocyclic or fused, homoaryl or heteroaryl group. 
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12. The compound of any one of claim 1-4 wherein the substituted C3- 
C14 monocyclic or fused, homoaryl or heteroaryl group is substituted with a substituent 
selected from chloro, bromo, fluoro, methyl, trifluoromethyl, methoxy, ethoxy, benzyloxy, 
cyano, sulfoxidyl, sulfonyl, amino, substituted amino, trifluoromethoxy and thiomethyl 
groups. 

13. The compound of any one of claims 1-4 wherein the substituted C3- 
C14 monocyclic or fused, homoaryl or heteroaryl group is a substituted phenyl group. 

14. The compound of claim 13 wherein the substituted phenyl group is 
selected from 4-, 2,4-, 2,6-, 2,4,5- and 2,4,6-substituted phenyl groups. 

15. The compound of claim 13 wherein the substituted phenyl group is 
selected from 2,4-dichlorophenyl, 2,4,6-trichlorophenyl, 2,4-dimethoxyphenyl, 2-bromo-4- 
methylphenyl, 2-methyl-4-bromophenyl, 2,6-dimethoxy-4-chlorophenyl, 2,4-dimethoxy-6- 
chlorophenyl, 2,4-dimethyl-6-methoxyphenyl, 2,4-dimethoxy-6-ethoxyphenyl, 2-fluoro-4- 
methoxyphenyl, 2,4.6-trimethoxyphenyl, 4-bromophenyl, 2,4-dimethoxyphenyl, 2- 
thiomethyl-4-methoxyphenyl, 2-methyl-4-methoxyphenyl, 2-methoxy-4-methylphenyl, 2- 
methoxy-4-bromophenyl, 2-fluoro-4-methoxyphenyl, and 2,5-dimethoxy-4-methylphenyl. 

16. The compound of claim 13 wherein the substituted phenyl group is 
selected from 2.4-dichlorophenyl and 2,4,6-trichlorophenyl. 

17. The compound of claim 13 wherein the substituted phenyl group is 4- 
cyano-2,6-dimethylphenyl. 

18. The compound of claim 13 wherein the substituted phenyl group is 
2,4,6-trimethoxyphenyl. 2-chloro-4,6-dimethoxyphenyl and 4-chloro-2,6-dimethoxyphenyl. 

19. The compound of any one of claims 1-4 wherein at least one of R| and 
R 2 is a C1-C6 alkyl group. 

20. The compound of claim 1 9 wherein the alkyl group is selected from 
methyl, ethyl, n-propyl. n-butyl and n-pentyl. 
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21. The compound of any one of claims 1-4 wherein at least one of R] and 
R.2 is selected from a C7-C20 dicycloalkylalkyl group. 

22. The compound of claim 21 wherein the dicycloalkylalkyl group is 
dicyclopropylmethyl. 

23. The compound of any one of claims 1-4 wherein at least one of Rj and 
R 2 is selected from a diarylalkyl group. 

24. The compound of claim 23 wherein the diarylalkyl group is 
diphenylmethyl. 

25. The compound of any one of claims 1 -4 wherein Rj is a CI -C6 n-alkyl 
group and R 2 is a C7-C20 dicycloalkylalkyl group. 

26. The compound of claim 25 wherein the n-alkyl group is n-propyl and 
the dicycloalkyl alkyl group is dicyclopropylmethyl. 

27. The compound of claim 2 wherein R 3 and R 4 are independently 
selected from hydrogen and a C1-C2 alkyl group. 

28. The compound of claim 27 wherein R 3 and R 4 are both hydrogen. 

29. The compound of claim 27 wherein R 3 is methyl and R 4 is hydrogen. 

30. The compound of claim 3 wherein R 5 is an amino group. 

3 1 . The compound of claim 4 wherein R$ is methyl. 

32. The compound of claim 2 wherein X and R 3 of structure II, taken 
together, have the following structure II': 
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wherein Y is selected from -CH2-, -0- and -S- 



33. The compound of claim 32 wherein X is a substituted phenyl group, Y 
is -O- and R 3 is a C1-C4 n-alkyl group. 



34. A composition comprising a compound of any one of claims 1-33 in 
combination with a pharmaceutically acceptable carrier or diluent. 

35. The composition of claim 34 wherein the compound is present in the 
composition in an amount ranging from 0.1 to 250 mg. 

36. The composition of claim 34 wherein the compound is present in the 
composition in an amount ranging from 1 to 60 mg. 



40. A method for antagonizing a CRF receptor in a warm-blooded animal, 
comprising administering to the animal an effective amount of a compound of any one of 
claims 1-33. 

41. A method for treating a disorder in a warm-blooded animal, 
comprising administering to the warm-blooded animal an effective amount of a compound of 
any one of claims 1-33. 



37. 



The composition of claim 34 formulated for systemic administration. 



38. 



The composition of claim 34 formulated for oral administration. 



39. 



The composition of claim 34 formulated for parental administration. 
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42. A method for treating a disorder manifesting hypersecretion of CRF in 
a warm-blooded animal, comprising administering to the animal an effective amount of a 
compound of any one of claims 1-33. 



44. The method of claim 42 wherein the disorder is an anxiety-related 

disorder. 

45. The method of claim 44 wherein the anxiety-related disorder is a 
generalized anxiety disorder. 

46. The method of claim 44 wherein the anxiety-related disorder is panic 

disorder. 

47. The method of claim 44 wherein the anxiety-related disorder is 
obsessive-compulsive disorder. 

48. The method of claim 44 wherein the anxiety-related disorder is 
abnormal aggression. 

49. The method of claim 44 wherein the anxiety-related disorder is a 
cardiovascular disorder. 

50. The method of claim 49 wherein the cardiovascular disorder is 
unstable angina. 

5 1 . The method of claim 49 wherein the cardiovascular disorder is reactive 

hypertension. 



43. 



The method of claim 42 wherein the disorder is depression. 



52. The method of claim 42 wherein the disorder is a feeding disorder. 



53. 



The method of claim 52 wherein the feeding disorder is anorexia 



nervosa. 



54. The method of claim 52 wherein the feeding disorder is bulimia. 
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55. The method of claim 52 wherein the feeding disorder is irritable bowel 



56. The method of claim 42 wherein the disorder is stress-induced immune 



57. The method of claim 42 wherein the disorder is stroke. 

58. The method of claim 42 wherein the disorder is Cushing's disease. 

59. The method of claim 42 wherein the disorder is infantile spasms. 

60. The method of claim 42 wherein the disorder is epilepsy. 

61 . The method of claim 42 wherein the disorder is seizure. 

62. The method of claim 42 wherein the disorder is substance abuse. 

63. The method of claim 42 wherein the disorder is substance withdrawal. 

64. A method for treating an inflammatory condition in a warm-blooded 
animal, comprising administering to the warm-blooded animal an effective amount of a 
compound of any one of claims 1-33. 

65. The method of claim 64 wherein the inflammatory condition is 
rheumatoid arthritis. 

66. The method of claim 64 wherein the inflammatory condition is uveitis. 

67. The method of claim 64 wherein the inflammatory condition is asthma. 

68. The method of claim 64 wherein the inflammatory condition is 
inflammatory bowel disease. 



69. The method of claim 64 wherein the inflammatory condition is G.L 



motility. 
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